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itialed cytoskeleUl changes and cell spading 

Maria D. Mcknight and Pauline JoKnsoQ . DeparUfV*"" 
OJogy, The University ot Untum Columbia, Vancouver. 

an vyrOJlno phosphatase essential for antigen-receptor 
atian oF pSGlck, * tyrosine kinase \n T mils. CTMi id a 
Uon molecule involved in a variety of biological procerfefl 
&Uon lympboCjW homing. wound healing And turner 
relate with lck In T C*us. It was noticed that CD 45^, 
X lymphoma cells ctiukl undergo morpholOuiC changes 
.e cello *W Immobilized ^ ftntl-CD44 raonodoofrl *n- 
-hangc ut immobilized CD45- T cpIV; was accompanied 
i phosphoryiatiOu of cellular proband. Although lck a»- 
h CD40+ nnd CD 45- T cells, oioce lck ~aa found to be 
ID45- ctlb. The trcauneat of CD4J- T cells with £ P2, 
j Inhibhor. mjiuln«uTtly reduced the CEW4-nntihody in- 
«lion as well a* the morphologic change, Thui suggests 
iurt*»cncc CD44-anlibody triggered cell epteaJlng. CD 44 
duedd the tyrosine phosphorylation oF crlluUr yHitflns 
ay thereto* regulate tyrosine phosphorylation induced 
^dating the awoclarion ofpSolck with CD44. Thia work 
in the negative regulation of cytoakeleud reorganiaation 
JliWlon- 

copyt iStsU n j «. - w« Re{ ,nis:itr. aid 
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Prf iSSjSyS Wdty St™a Specifics 
MS^S?.™ ««th » high <«cp« 0f« to «»luter bon,olo© 

require ► hcteredutl* fP» *™J"^ ta 5table ^ expreWion (half life 

pnmary cell ^ J^? .^^Xiniiitn«. Analys* of different (wains oF mice 
full length form IbAn the other strainS- 



ve TrarwerrptionaJ Control Elements of th* 

unA J, H Watt . Dcparxment of P*xholo©r, Univerwltf oJ 
3«U Lake Chy UT twm 

ne*S genetic structure and sequence to Similar to that of 
Yin initially identified pAexolus as the product of man 
Harrow cdU grown in 3CF {conncodve tisaue ituut ccEs 
aiaat C«lU derived in IL-3 (mucosal mast celb - MMC). 
m that the primary cdla within th» hoac marrO* or the 
tolas are nuaurtng nnd mature neutrophils. In order W 
uSCrlptional conUol of Pactolua exprtfl&lon nnd to farther 
-hen- Pwralus is expnttaed, we analysed the Pactoius pro- 
^oouolfl Kites required Tot Pftctolut escprwiiou Utllldag an 
twter eeauence included the KO bp immedi»V«ly upstream 

site: this fragment wad ulcered into three overlapping 
) oadi. A number of tfu^KdStivc factor binding Sites were 

GATt takilty tncmberB, NF-kB members. FU.l 6>te, etc 
Inxed from marine boac marrow celh), five disunct bafidiog 
Qjvnzts from PdCtolun podtrre CTMC and bone marrow 
A banding pateezn for (dt the promoter frftgmcnis tested, 
native MMC differ m their banding pattern W one or more 
-rrptiOzi ffATt she (-1 to -270) suggesting a possible loss of 
: nexort r^Lulrcd Ux Pactolu*» trwraipuon. 
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HUMAN MONOCYTES EXPRESS CD16^ WfflCH IS 
UP REGULATED BY IL-10 AND IDENTICAL TO pl55. 

™^Uhbm . 'P.Hufiggr , W»rdwHl .. 3 N. J. Godding, a C. Sorg, ^A^Drosis, 
^M. Stealing . I K. A. Blntg . T K. H, Ely and 'F. M- Quyre . l Depmnuurt of 
Physiology Dart tttouih MediCftl School, Lebanon, NH 03756 ^*tute of 
^Stal^LcU^. WeSOfHhsche Wuhetm^Unrrermty. Mnnster Germany 
'Ditmrunenfi or Biochemical Pl^macnb^ 31 Bartholomew '6 Ro^ Loodun 
Schoclof Medicine & DcaoBtry, CharterhouW Square, London WlM 6BQ 
CD1G3 Is a glucoCOrtlCoW inducible Tnomber or the ^rc^ r^W ^™™ nch 
fc^Tof pTOiems- Previa repo™ have Indicated th« CD163 is huthly expressed 
aThuW^^ Urt found on 1*9 ;hnn 50% ol oeflpberal blood motwejocs. 
Wc now show Ulster than or equal ^.^^CDH^t^u^ao^ex- 
pre« CD163, and that IL-10, lik* ghicocoxucO^^duc^W^l^ 
oVcnlrured hunum monocytes- In contrast, TQV-fi ****** ^^f^^T^A 
Clucocnmcoid ioduced CD 163 expression w« W« by ^^10 and wM 

«drtltrve with IL-10 treatment, euggesimg UiM ^"^^^^^l^l 
m^Klon by an lt-10 Independent merchanism. In additioa, ehow ihat P 155 
^Unidentified rnon^/macropbage marb* of nnkno-n 
identity with CD 103. We^ern blote aud Row cy^meulc onalyra ^^^^ 
^ramrtVcted with the cDNA for CD163 *ere poskiv^ wb«D probed with either. mAb 
RM3/1 (««cl> wcogmia CDlCS) or MaC (which d^fmw plSS). > \ ' *t 



S AND LPS SYNERdSTICALLY INCREASE 
D163 ON CULTURED HUMAN MONOCYTES 

nan . *F,M. Morgancui , l K. Wardwdl. l V.a Guyr^s 
jk of 'Pbysiology and '•Mlcoblology, DartmOUlh Medical 

n0l»Cytc/macropliaRe-5P«dnc glycOOrOWtn with unknown 
1 on cr«tww than or equal W 00% of human CDI4-P°srave 
icoce homology with the Btavengcr recepwr cyete lnr ^ ric h 
ious studies In our laboratory have shown that glucocnrri- 
^rraaon on culUlwJ peripheral blood monocytes. Uauu; 
l«rt recognize CD1C3 in Bow cytometric Annryals of cultured 
,-tes, we show m»t bacu^Upopoly^iarldc (LPS) cauve* 
ce CD I S3, »ith a rtwm to pre-LFS-ireewid lcvds at 24 
treaiinent combining cjucooorucoid dteroid hormones and 
higher wrwston of CD163 or 40-ofl houra» with an ED50 
\ the synthetic glucocorticoid dexaraethasooe and to* 1 n*t^ 
ne coniaol tfyu^rglzc with LPS for up-rcgolatioa or CD 1*3, 
98 that are oorcbaent with their known rcLxtiYe amnilles far 
.(OT. Other etetold hormones (eM^lol, progeBWone, nnd 
<t _ Therefore, w* eondude that eynefgUtlc np-reeulwion or 
rith LPS is a new wounple of a ^uoowrdeoli«pecihc elTscI 
FnncUon. 
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E4CtUASED PLASMA CD1W FOLLOWING CaMIAC SURGERY 

I]TRn^ 'M^lm B cr. llJte&* !LHo Bg r t nLGoujdmg, jM^acr. 
iDnrtmouth Medical School, Lebanon, NH 037EG; lost- ofE^erlnu^al 
Defmatoto^.WefitfallschcWuheln^ Sl 
Bartholomew's Hospital, Chnrwrhoufl* Square, London BClM BBQ - 
CD163 is a rJy^protein of unknown function expressed On clr^ating human 
wiicno Tan^iSniacropbai^. We have previously shown expression of 0)153 
Si^w7as^LS6i to be increased a to Wold by cuhurc of monocyxe/wii 
SSii*^^ More 
h^c found CD163 to be Mto ^JT^T^^^ 
K,iO, w bA rfied rapidly IP rc^pon^ to bac«rlal U>mOlyaMcharide (LPS1, aildto 
be synert^cnlly up««uUted by culture of monocyte* Tov 24-4fl h with comh.ncd 
ISSSS We now report development of an EUS A ^ lo msasurr 
SuhkODlW, using mAb Mac 2-158 as the Capture antibody and b^tmyiated mAb 
RMJ/1 as the dew?tlan anubody. We are nsinj this ELBA to 
tovcb of CD165 in the plasma of 30 patirato undergoing cardiat aurgwy (CABGJ 
P^rmc^S normothermic earokmulmonary byTJ« (OT). In A of A samp^ 
tested » date, plasn.a CD 163 increwod apprmdmately J^fbld at 60 rain- fnUowmg 
CPB, rcturninc » slighxh/ below b**dlnc lrrehs on i«KVoperao>e d^y 1. " Ongqmg 
BtndtU wUldc^rmiue the effect of urtoppjative treawent wiih melhylpredrtoolone 
(Uss^S O^SSL CD1W. and will correlate CDIM tevris with 
«nd TU6\ Theae Studies should help us gain more might into the physiological 
MiUtion and function of CD 163 m &va. 
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CD45 regulate* CD44-initinl*d cytoskeletal changes and cell Spading 
in T ttdls 

IUiibotiK U, Mokan Jahril , Maria P. Mcknight and Pauling Johnson . Depacliftom 
of MIcrteito and ImmuiiOJOgy, The University nt Unoab Columbia, Vancouver. 
B-C-, Canada 

CDVj is a leukocyte protein tyfOtlnn phosphatase eawjraial for anligeo-rwepter 
signalini'. And dcphoapbcry lotion of p5Glck, ft Tyrosine kiu&se In T cells. CEH4 ]& * 
broadly expressed cell adhesion molecule involved in a variety of biological processes 
such aa leukocyte cxtraroaation, lymphocyte homing. wound healing and tumor 
metastasis, C044 can also afluodaw with ldc in T c*Ils. It was noticed thai CD45-, 
but not CTM5+, &W5147 T lymphoma cello could undergo morphologic changes 
and c*Hl spreading when the cella were Immobilized by ond-CD44 mouodon*) An- 
tibody". The morphologic chance uf immobilized CEM5- T C*Hs was accompanied 
by an rnducilnn or tyroaine ohosphoTylatioii of eel hilar protein*. Although let a»- 
eoClAted with CD 44 In both GD4G+ nnd CD45- T OSuS, more Ick *raa found (0 be 
msSuCiAind with CD44 in CD45- ctUfL The treatment of CW- T cells with PP*. 
a specific Src Family kuK-ee Irtbibhor. ufculAr&ntly reduced Lb* CD44- antibody in- 
duced tyrosine phosphoryhnion as well at* IbO n«orpholopc chanu*. Thl* suggests 
thai CD45 «m ncgaxiyely iulllK*-nce CD44.-antibody triggered cell *p reading- CD44 
mediated cell spreading induced the tyrosine phosphorylation of cellular pmcrlns 
and required Ick, CD 45 may therefore regulate cyrQSutt phosphorylation induwd 
cytOSkelM^l changes hy regulating the M»clarion of p56lcfc wtch CD44. Thb work 
supporia * rok for CD -15 ill the negative regulation of cyLoafceleUft) reorganisation 
accompany log IcuJcocyte adhesion. 




Identification of Putative Tye.ru eriptional Control Elements of tha 

Murine pnctolus Gone 

FLM. Matcaf, I J- W*ia . And J. H. We* . D*^nrrment of Pwhology, Umverwly of 
Ouh School of Medicine. SftU Lake Chy UT 

The murine pActolu* genefl genetic structure *nd sequence id fiiiflitar to thai of 
OiO beta intecrin *ubunits. We initially identified Paeialus as the product oF mast 
cclle derived fronl bone marrow colls grown in 3CF (connective tissue i«n« cells 
- CTMC) and abaent In maut celU derived in IL-3 (mucosal mast, celb - MMC). 
Further Analysis hau fihown that the primary cclla within thft bone marrow of the 
animal the* produce PactoWis are maturing nnd mature neutrophils. In order W 
elucidate tiflflufr specific Lraoecrlptional control oC Paniolua exprtflSlon nnd to farther 
determine the cell types where P«rolus is expret&ed, wc analyzed the P«w)lu* pro- 
m0c<tr for iranacriptlonal coatrOlP sites required for pnctolus expresaiuu utlllilng an 
EMSA protocol. The promoter ewiccec included Ihfi WO bp rmmedHiWly upstream 
of thft iranflcripUon atari site; vhls fragment wad disacirccd iaw thrwi overlapping 
fnullOf nis of abuut STObp each, A number of mi#esilvc factor binding alws were 
noted indudinK those Cor GATA fttuiHy nxnubera, Nf'-VB mernbers. PU.l flite, ctc 
Usine nuclpar cxwacta iwUaed from mutlnc bone marrow Cftllfl, Ave disunck baDdlng 
parecrne wfir* ldcndfied. Extracts from Pwtolun po»trf<i CTMC nnd bone marrow 
cells have the uac EMS A tending pattern for nil the promoter fragments tested . 
txtracrj from FWJtcJuc negativ* MMC differ in their binding pattern « enn or more 
0 il«8 closes* w UlS transcriptiOiJ 9tAn site (-1 to -270) suggesting a possible loss of 
one or more tranacripUon factor* tsgulrcd for Pactolu* trwir-cription. 



PreTerepiial Express*"* of ih*j Bcta-InUflrin-Lil^ Trotwin Pnctolus in 
™Sphu* Evidence of Lympliocyie To.dcity Strain Speculeiry 

TTw^^ j^.Wel^ CpartmWlL of Pathology, Un.vcrsny of Utah School of 

^^^^^ a hi^ degr^ of -tra^ulnr homolo^ 
W beta The Piwlus gene encode three primary tranflCrJpts tvo 

Slhlf^enW^nstable tnmc«Ad prateu^ (Pac B (md C) and the third which 

S?lZt« 'koLSSa. afunctional MIDAS dornainflUggosting ^ctolu, rr^not 
r^ » hcLdhW alph^ Chain for C*H suxW cxpre*ion. Itetoto -«^g" 
tSuroatcta transfccLeU Into CHO cclla confnr stable cell surTftC? expreeajon (half Lie 
r^SSTSr (tntcctable endo^o^ paiiiwr. Wc«™n <rf xhe same 
P^olUB construct Inxo T »nd B odl lines dOO. not Muk * tbe 8«ble expt^on 
nf P^nlua flunneiUnff th« llicsc cell types are ftOt permissive for the prprestiOn 
5 l^J^ToL .xpre^on coupled with <^f^^^Z £ 
Whocyxe. U(* o£ polyclonal antibodies against Pactolns has de^rmined th^e 
P^rCr^cU W in the mouse that express the gene product d the neutrt>ph£ 
a^^iSit a dete«able iJpha cnaifl PArtner. Analyna of dJtaali grains of mice 
rTdemoi>SraLd thai ihe ieveTof cell ^rPAcc Pc^tolu, b ctmU^bd by filr^ 
SS^SS?SS T*r *c Factor gene (A, B and C rranscripw - Thjnl white bone 
m^ neul^pMb frcni BALB/c, C57B16 E^d C3H animals all produce \b9 same 
^^ c^loln* tranlCripts: the C57B15 ceus produce about 9U% mnre of *c 
full length form thftn the oth^r strain 9- 



14S.24 

HUMAN MONOCYTES EXPRESS CD16*, WHICH TS 
UPREGULATED BY 11-10 AND IDENTICAL TO pl55- 
' 7 , H. fitiUhlnn . »P. Hugger , ^.TYttrdwril, 3 N. J. Gooldlng, a C. Sorg, a A. Droas , 
*M. SiehUng . ! K. A. Htntg . l K. H, Ely md T F- M- Quyre . ^epw-imrare of 
Physiology Dartmouth MediteJ School, Lebanon, Nil 03755 ^Institute of 
B^fThncntal Dermatology. We?tfHlische wai l elrns-Uni7ewity 1 M Hester, Germany 
J Department or Biochemical Pl^macnb^ 31 BATtholomew'e k Royal London 
School of Medicine & Dentistry, CbaiterhouM Square, London EClM 6BQ 
CD1G3 Is a glucocorticoid inducible member of the scavenger receptor cysteine nth 
family 0 f pterins. Previous rcportB fa^e Indicated thfU CD 163 is hhtbly expressed 
on human mftccophagea, but found on lees (hnn S09C of peripheral blood monocytes. 
Wc now show thfit greater th«i or equal to of all CD14 positive monocyte* <n- 
0refl5) CD 160 and that IL-10, lilt* ghicocarticOiOfl, induces hicl'V CD163 cipres«ior\ 
on cultured buiiWJn monocytes. In contrast, TGF-0 decrtewn CD 163 exprewion. 
Clucocnnicoid ioduecd CD 163 expressiiTn wa* Wt Inhibited by and-IL-lO and ~M 
Wlrlldvc with IL-10 trcatmenl, twggcsting <h&\ ghicocorticoida Increase CD 163 ex- 
pteflslon by an 1L-10 Independent mechanism. In addition, w« *how that pl55 (a 
previOllJJly identified monocyte/m*CT0phage marker of unknown function) ahartfl 
identity with CD 163. Wesicrn biota fttld flow cytometric nnalyaia of celb 
iransfected with the cDNA for CD153 **re poauvc wben probed with either mAb 
HM3/1 (wtuU racosuixcD CDlW) or Mac (which ddUiW pl5S). 
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GLUCOCORTICOIDS ANP LPS SYNERGISTICALLY INCREASE 
EXPRESSION OF CD 163 ON CULTURED HUMAN MONOCYTES 
%A. Hlni7. . ^ T.H. Sulahlan . ^P,M- MorgancQi, *K. Ward well. l V.C. GuyrN 
ip.M. Guyre . DepAranent of Physiology and " J MlC0bloIo6y t Dartmoalh Medical 
School, Lebanon, NH 0373(S 

CD 163 u a 165 kDa mOiwcytc/macrcTjl^e-spccific glycoprotein with unknowu 
function. It is expressed on greetrrr than or equal to 0^% of human CDl4-p«rfiive 
monocytes and had fle^uence hoaiotogy BC^v^ngcr receptor cytWlnc rich 

famUy of pwUuns. Previous studiw in our laboratory b*ve jihawn that glucocorti- 
coids upreiruloiC CD163 expression on culluwl peripheral blood monocywa. Uaiiu; 
monoclonal aiiTJbadies th»l recognise CD1C3 in flow cytometric Anarysls of cultured 
peripheral Wood monocyte*, wc show thtrt b^Ctftilnl lipopoly»e«cl)*rldc (LPS) cauwW 
rtpld sheddinn of surface CD 163, with a rttum to pre-LPS-treewid leveb at 24 
and 44 hours, Hownver. treatment coiribininj; ^ucnenrticoid uteroid horm oners and 
LPS causes cwelvt-fotd higher expr»xlon of CD163 or 40-4fl haura^ with *n ED 50 
>0.1 nii/oiL LPS. Buth the synthetic glucocnrticoid Hexiuncxhasone and Uk ruu> 
orally occurring hormone Cortisol tfyiiwgtxe with LPS for up-rcgulatioa or CDlM, 
with doe? rasporiBe curve? that are CO latent with their known rclativt: aihniller. far 
the rducocnrtleoid receptor. Other etetold hormones (eMrftdlol, progesterone, nnd 
tcswalerOrt*0 had no effect. Therefore, wo enndude that eyn««gi'.tlc np-reculwion of 
CD 163 io combination with LPS is a new weAtnple of a i^uCOCO^deolcVspecmc effecl 
(xi human iminuiie cell fancUon- 
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INCREASED PLASMA CD 183 FOLLOWING CaRDLAC SURGERY 
>P.M. Guyre , 1 TJT. SulaltlAn. 1 PAL Morgenclu , 1 K w^lwcll. ; KA . Hi n fe , 
'A. Rruaias . 'M. Ffllmgcr . l J S*hd«rs , ^pjtor, ^N. CouldmK . 'M- Ve»gcr. 
Dartmouth Medical School, Lebnnon, NH OTTBOi a Inst. of Exparlmcroal 
DerntRtoloEy, WefilfaJlSChc WimelnUvUnlvcrsity, Munater, Germany: a St 
Bartholomew's Hospital, Charterhouse Square, London EClM fiBQ 

CD 163 id a cJy copra tein of unknown function expressed on circulating human 
inOftOCyto and tissue macrophage*. Wc have previously shown expression of CD163 
(then known as pi 55) to be increased 2 to 3-fold by oukurc of monocyte* with 
glucocorticoids, but not Other steroid hormones (J. ImmuitO?. 140:9298. 1583). More 
rccentW, *r have found CD 163 to be inducible by the *:^4nflnmniatcry cytokine 
H>10 to b* *hcd rapidly IP response to bftCtnrinl lrpopolyaaccharlde (LPS J, and. to 
be synercfcrJeally upreituUt*d by culture of mnnocytea fot" 24-43 h with combined 
grucooortieoldfl plus LPS. W<j now report development of ab EW5A assay to me BSD re 
eoluhlc CD163, Ufitng mAb MM 2-158 as the Capture antibody arid blotinyiated mAb 
KM3/1 as the detection antibody- Wc are uairji! this ELI5A to lOfiamirc rclatWe 
levch of CD 163 in the plasma of 30 patienta undergoing cardiac ftWTgery (CABG) 
performed with ft OTTO Q thermic cwfdtopulmonary bypass (CPB). In 4 of 4 samples 
tedted to date. pbssrnA CD163 incrtMnd appnrcunotely 2-fnld at 60 ruin- fallowing 
CPB, returning to slightly below bescUnc lcrebj on rxis^-op«acr*e d>y l- Ongoing 
Btndiee will dclermiue the effect of ut^Op^ative treaimem with nurUrylprednlsolone 
(IS rns/kg) on plasma CDl63, and will COfTclate CD1G3 levels with plafima IL-10 
and IU6. Tha96 Studies should help us gain more msight into the physiological 
regulation and function of CD 163 Hi vivo. 
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Identification of the Integral Membrane Protein RM3/1 on 
Human Monocytes as a Glucocorticoid-Inducible Member of 
the Scavenger Receptor Cysteine-Rich Family (CD163) 1 

Petra H6gger, 2 * f Jens Dreier,* Anne Droste,* Friedricta Buck,* and Clemens Sorg* 

The RM3/1 Ag is a membrane glycoprotein restricted to human monocytes and macrophages that evolve in the late phase of 
inflammation. Peptide sequence analysis of the RM3/1 protein revealed similarity to CD163, a member of the scavenger receptor 
cysteine-rich family. Using specific Abs (RM3/1, Ki-M8), we demonstrate an identical cellular regulation for the RM3/1 and the 
CD163 protein. Most notably, we show for the first time that CD 163 is significantly up-regulated by glucocorticoids. In contrast, 
the protein is down-regulated by the immunosuppressant cyclosporin A and by phorbol esters, while the inflammatory mediator 
LPS has no significant influence on the expression. We describe the first isolation of a full-length cDNA of CD163 and expression 
of the corresponding protein. Several splice variants of CD163 exist, and we elucidated the kinetics of induction of three major 
mRNA splice variants by fluticasone propionate; another splice variant was proved to be unresponsive to this glucocorticoid. 
Taken together with a previous result showing an involvement of RM 3/1 in adhesion of monocytes to the activated endothelium, 
we discuss that CD163 might play an important role in inflammatory processes. The Journal of Immunology, 1998, 161: 1883- 
1890. 



The RM3/1 mAb was developed in search of specific dif- 
ferentiation markers for mononuclear phagocytes (1). The 
surface Ag detected by this Ab was found to be expressed 
exclusively on human monocytes and macrophages, predomi- 
nantly in the late phase of inflammatory processes, e.g., in exper- 
imental gingivitis (2) and in allergic contact dermatitis (1). Eluci- 
dation of the tissue distribution of the RM3/1 Ag revealed a high 
abundance in the human term placenta (3). It is present in skin 
histiocytes, livers* Kupffer cells, spleen macrophages of the red 
pulp, and some thymus macrophages. In addition, it is found reg- 
ularly in acute and chronic inflammatory lesions (1). 

The Ag is present on the surface of 15 to 30% of freshly isolated 
monocytes of healthy donors. Both the Ag density and the number 
of positive cells can be increased significantly in vitro within 48 h 
of incubation with dexamethasone. In contrast, inflammatory me- 
diators such as LPS or TPA 3 were not able to enhance RM3/1 
expression (4, 5). Up-regulation of the RM3/1 Ag was also dem- 
onstrated in vivo: injection of corticosteroids into primates (6) or 
human volunteers (4) resulted in an increase of RM3/1 -positive 
blood monocytes up to 80% within 6 h. Induction of the RM3/1 
protein was shown to be mediated by glucocorticoid receptors 
since a glucocorticoid antagonist inhibited up-regulation (5). 
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Biochemical characterization of the RM3/1 Ag revealed a 130/ 
150-kDa glycoprotein under nonreducing and reducing SDS- 
PAGE conditions, respectively. The carbohydrates were AMinked 
and the glycoportion contributed about 25 kDa to the apparent 
molecular mass (5). 

During inflammatory processes, migration of blood mononu- 
clear leukocytes into tissues is an essential step. The recruitment of 
monocytes requires specific cell adhesion molecules (for review, 
see Ref. 7). The adhesion of different human monocyte subsets to 
vascular surfaces has been described for different monocyte sub- 
sets (8). RM3/1 -positive monocytes exhibited pronounced adhe- 
sion to endothelial cells stimulated by IL-6 (8). Blocking experi- 
ments with the RM3/1 Ab suggested that the RM3/1 Ag, together 
with CD 14, is involved in the adhesion of monocytes to activated 
endothelial cells (9). 

Along with these findings, monocytes expressing the RM3/1 Ag 
were reported to produce an antimflammatory factor (10, 1 1). This 
observation is coherent with earlier suggestions that the RM3/1- 
positive monocytes might be associated with the process of down- 
regulation of inflammation. 

Due to the restricted availability of human monocytes, isolation 
and partial sequencing of the RM3/1 Ag were not feasible to date. 
Therefore, we developed an improved isolation procedure based 
on the addition of divalent cations to the solubilization mixture. 
The data reported in this work identify the RM3/1 protein as a 
member of the scavenger receptor cysteine-rich (SRCR) superfam- 
ily. Although several members of this ancient and highly con- 
served family have been described, possible functions of most of 
these proteins remain speculative (for review, see Ref. 12). We 
now report that the protein designated as CD 163 (13) is identical 
with the glucocorticoid-inducible RM3/1 Ag. This is the first study 
showing regulation of a SRCR family member type B by various 
stimulants. In addition, we demonstrate the kinetics of the mRNA 
induction by the glucocorticoid fluticasone propionate of four ma- 
jor splice variants of the CD 163 mRNA (14). We also describe the 
expression of the rCD163 protein after transfection of the predom- 
inant full-length clone into a mammalian cell line. 
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Materials and Methods 

Isolation of blood monocytes 

Monocytes were isolated from pooled bufly coats (Blutbank, Munster, Ger- 
many) by Ficoll-Paque (Pharmacia, Freiburg, Germany) and subsequent 
Percoll (Pharmacia) density-gradient centrifugation. The monocytes purity 
was >90%, as quantified by FACScan analysis. Monocytes were cultured 
at a density of 2 X 10 6 cells/ml in hydrophobic Teflon bags (Heraeus, 
Hanau, Germany) in McCoy's 5a medium (Biochrom, Berlin, Germany) 
supplemented with 15% FCS. 

Stimulation of monocytes 

Monocytes for FACScan analysis were cultivated for 16 h in presence of 
10~ 7 M dexamethasone (Sigma, Deisenhofen, Germany) or 10~ 8 M of the 
more potent fluticasone- 1 7-propionate (a generous gift from Glaxo Well- 
come, Greenford, U.K.) (5), 

Stimulation with cyclosporin A (Sigma) was performed for 16 h at a 
concentration of 0.1 ftg/ml; stimulation with the phorbol ester TPA (Sig- 
ma) was performed for 1 h at a concentration of 10 nM. 

Isolation of the RM3/1 Ag 

Cells were lysed and solubilized in a one-step procedure. Monocytes were 
incubated with 1 to 10 mM Pefabloc SC (Boehringer Mannheim, Mann- 
heim, Germany), 1 mM CaCl 2 , 1 mM MnCl 2 , and octylthioglucopyrano- 
side (Sigma) at a protein-detergent ratio of 0.2 for 30 min at room tem- 
perature under gentle rotation. After centrifugation, the supernatant was 
collected. The protein extract was separated by preparative SDS-PAGE 
under reducing conditions, according to Laemmli (15), using an 8% run- 
ning gel. Gels were stained with 0.1% Coomassie brillant blue R250 (Sig- 
ma), and slices containing the RM3/1 Ag (5) were excised and prepared for 
sequencing. 

Protein sequencing 

ln-gel digestion was conducted according to the procedure described by 
Eckerskorn and Lottspeich (16), with the following modifications: the gel 
pieces were not lyophilized before digestion, but incubated in reaction 
buffer (25 mM Tris-HCl, pH 8.5, 1 mM EDTA) for 30 min at 37°C. Di- 
gestion was achieved overnight at 37°C with 1 fxg of proteinase LysC 
(sequencing grade; Boehringer Mannheim) in reaction buffer. The reaction 
was stopped by the addition of 1 trifluoracetic acid (TFA), the super- 
natant was collected, and the gel pieces were subsequently incubated for 
1 h with 100 fil of reaction buffer, TFA/acetonitrile (50:50), and acetoni- 
trile. The supernatants were combined, concentrated to a volume of about 
100 /il in a vacuum concentrator, and extracted twice with an equal volume 
of heptane/isoamyl alcohol (4:1) to remove traces of SDS. The peptides 
were then separated by narrowbore HPLC (130A; PE Applied Biosystems, 
Weiterstadt, Germany) on a reversed phase column (Vydac C4; 300 A pore 
size; 2.1 X 250 mm). Peptides were eluted by a linear gradient (2 to 80% 
B in 45 min; A, water/0.1% TFA; B, 70% acetonitrile/0.85% TFA; flow 
rate, 200 /il/min). Peptide- containing fractions detected at 210 nm were 
collected manually and subjected to re chromatography on a second re- 
versed phase column (Nucleosil C8; 300 A; 1.6 X 250 mm; gradient as 
above; flow rate, 130 fil/min). Protein sequences were determined by stan- 
dard Edman degradation on an automatic sequencer (473A; PE Applied 
Biosystems). 

SDS-PAGE, Western blot, and dot blot 

Proteins were separated by SDS-PAGE under reducing conditions, accord- 
ing to Laemmli (15), using an 8% running gel. For nonreducing and non- 
denaturating conditions, mere ap toe thanol or DTT (both Sigma) was omit- 
ted, and the SDS concentration in the sample buffer was reduced to 0.1%. 

For Western blotting, the nonstained gel was transferred to Protran ni- 
trocellulose membrane (0.45 jim; Schleicher and SchQll, Dassel, Germany) 
in a semidry blotting unit (Hofer/Pharmacia) applying 0.8 mA/cm 2 mem- 
brane. Subsequently, proteins were detected immunochemical ly. Nonspe- 
cific binding to the membrane was blocked by incubation with 1% skim 
milk powder in PBS for 1 h under gentle shaking. After washing the mem- 
branes with PBS, the primary Ab (12 ^tg/ml) in TBS buffer (50 mM Tris- 
HCl, pH 7.6, 145 mM NaCl) containing 0.1% (BSA) was added for 1 h. 
Subsequently, membranes were washed with TBS containing 0.05% 
T ween- 20 (TBST) and incubated with the alkaline phosphatase- labeled 
secondary Ab goat anti-mouse lgGl (75 ng/ml in TBS) for another hour. 
After washing of the membrane with TBST and HP buffer (100 mM Tris- 
HCl, pH 9.5, 100 mM NaCl, 50 mM MgCl 2 ), colorimetric detection was 
performed by addition of 0.15 mg/ml BC1P and 0.3 mg/ml NBT in HP 
buffer. 



Dot blots were conducted according to the Western blot protocol, but 
proteins were applied directly onto the nitrocellulose membrane without 
preceding gel electrophoresis. Densitometric analysis of dot intensities was 
performed after scanning of the membrane using the National Institutes of 
Health ImageQuant software. 

Antibodies 

The mAb RM3/1 was previously generated and characterized by our group 
(1). The Ki-M8 Ab, mouse anti-human phagocytic macrophage 11, was 
purchased from Bachem Biochemica (Heidelberg, Germany). The mouse 
isotype control lgGl and the F1TC-, Texas Red-, and alkaline phosphatase- 
labeled secondary Abs (goat anti-mouse lgGl) were purchased from Di- 
anova (Hamburg, Germany). 

FACScan analysis 

For indirect immunofluorescence analysis, monocytes were washed with 
cold PBS, and incubated with 1% BSA for 30 min at 4°C. Then cells were 
incubated with the primary Ab (3 ^ig/ml) for 45 min at 4°C. Mouse lgGl 
was included as isotype control at the same concentration. Subsequently, 
monocytes were washed with PBS and incubated with FITC-labeled sec- 
ondary Ab goat anti-mouse lgGl in 1% BSA for 30 min at 4°C. Propidium 
iodide (1 mM in PBS) was added for the last 2 min of incubation to 
determine cell viability and exclusion of dead cells. The fluorescence in- 
tensity of 10 4 vital cells was measured by FACScan analysis (Becton Dick- 
inson, Heidelberg, Germany). The parameters used were 488 nm excitation 
wavelength, 250 mW, and logarithmic amplification. The Ag density and 
the number of RM3/1 -positive cells corrected for isotype control were 
obtained from the main fluorescence channel at 510 to 530 nm using Lysis 
software (Becton Dickinson). 

Cell culture and transfection of CHO cells 

CHO DUKX Bl cells (ATCC CRL 9010) were maintained in alpha me- 
dium with desoxy- and ribodesoxynucleosides (Life Technologies, Gaith- 
ersburg, MD) complemented with 10% FCS (PAA Laboratories, Linz, 
Austria) and 2 mM glutamine (Biochrom). Cells were transfected using the 
cationic lipid reagent Do tap (Boehringer Mannheim). Transfection was 
performed as described in the product protocol. Briefly, 5 X 10 5 cells were 
seeded onto 60-mm dishes 1 day before transfection. Immediately before 
transfection, cells were rinsed with medium without FCS. For each 60-mm 
dish, 5 jig of plasmid DNA (clone CD163A-6) and 30 Dotap were 
diluted to 50 /xl and 100 /il, respectively. The diluted DNA and Dotap were 
mixed gently and incubated for 15 min at room temperature. The DNA/ 
Dotap mixture was then diluted with 3 ml medium without serum and 
added to the cells. After incubation at 37°C in humidified C0 2 incubator 
for 2 h, 3 ml of Ham's F12 medium with 20% FCS was added. The cells 
were fixed for immunofluorescence after further incubation at 37°C for 
24 h. 

Immunofluorescence 

For immunofluorescence studies, transfected CHO cells were plated on 
coverslips and fixed in 4% paraformaldehyde in PBS for 20 min at room 
temperature. For localization of transiently expressed rCD163, cells were 
incubated with 4 /ig/ml Ki-M8 in blocking solution for 60 min at room 
temperature. This was followed by a 20-min incubation with 1:150 Texas 
Red-conjugated anti-mouse lgG (stock concentration 1.5 mg/ml) in block- 
ing solution. Cells were viewed using a fluorescence microscope (Axios- 
kop; Zeiss, Jena, Germany); the enlargement scale was 1 :8750. 

Northern hybridization 

Total RNA was prepared from fluticasone propionate-stimulated and con- 
trol monocytes, as previously described (17). A quantity amounting to 10 
jig of total RNA per sample was fractionated on 1% agarose formaldehyde 
gels and transferred to Hybond N nylon membranes (Amersham, Arlington 
Heights, 1L) with 20X SSC (IX SSC: 0.15 M NaCl and 15 mM sodium 
citrate) using a LKB 2016 VacuGene blotting apparatus. Antisense RNA 
probes for Northern hybridization were generated by the DIG RNA label- 
ing kit (Boehringer Mannheim) using linearized DNA templates and T7 
RNA polymerase, as described by the manufacturer. Prehybridizations 
were performed at 68°C for 1 h in a high SDS hybridization buffer (7% 
SDS, 5X SSC, 50% formamide, 50 mM sodium phosphate, pH 7, 2% 
casein, and 0.1% /V-lauroylsarcosine). The heat-denatured probe (10 min at 
95 °C) was added to the prehybridization solution (100 ng/ml), followed by 
gentle agitation at 68°C for 16 h. The nylon membranes were washed twice 
for 10 min at room temperature in a 2 X SSC, 0. 1 % SDS solution, and twice 
for 15 min at 68°C in a solution consisting of 0.1 X SSC and 0.1% SDS. 
The hybridization results were visualized by chemiluminescent detection 
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Table I. Sequences of Jive RM3/1 peptides after LysC digestion and their positions in the published CD 1 63 
sequence 



Determined Peptide Sequence 


Published Sequence? 


Position no. 


ELRLVDGENK 


KELRLVDGENK 


45-54 


XSYQVYSK 


KTSYQVYSK 


41 7-424 


XMXIPM 


KAMSIPM 


878-883 


A/X M/P D/X I/T P/L M/X Q/X V/X P/(D) 


KGPDTLWQCP 


893-901 


RLAXPXE (E) 


KRLASPSEE 


908-915 



• Sequence from Reference 14. Amino acids which could not be determined with certainty are marked with "X." 



with anti-DlG F(ab') 2 fragments conjugated with alkaline phosphatase and 
substrate CSPD, as described by the manufacturer (Boehringer Mann- 
heim). Equal loading of samples was controlled by hybridization of RNA 
with an actin antisense RNA probe. 

Construction and screening of a monocyte cDNA library 

Human monocytes were cultured in Teflon bags at cell densities of 2 X 
lOVml, as previously reported (1). After 12 h of incubation, cells were 
stimulated with fluticasone propionate (10~ 8 M) and cultured for 1 day. 
Pure monocyte populations were isolated by immunomagnetic separation 
using Dynabeads M-450 CD 14, succeeded by direct poly(A + ) RNA iso- 
lation with Dynabeads oligo^T)^ (Dynal GmbH, Hamburg, Germany), 
according to the instructions of the manufacturer. 

Construction and ligation of cDNA into the vector Lambda Uni-ZAP 
Express were prepared according to the manufacturer's specifications 
(Stratagene, Heidelberg, Germany). The DNA was packaged by Gigapack 
111 gold extract and amplified in Escherichia coli strain XL 1 -Blue MRF'. 
An amplified library with 6.5 X 10 5 independent clones and a mean insert 
size of 3.5 kb (0.5 to 6 kb) was obtained. 

The library was spread as a monolayer on the XL 1 -MRF' strain with a 
titer of ~2.5 X 10"* clones/ 1 3 8-mm plate, and the plaques were subse- 
quently transferred to Hybond N filters (Amersham). The filters were 
screened with a DIG-labeled PCR fragment, generated by RT-PCR with 
primers CDl63un 5'-CCCGTCGACAATGAGCAAACTCAGAATG 
GTG-3' (CD 163A,. positions 86 to 107) CD1631n 5'-CCCCGTCCTTG 
GAATTTGATCTCTATT-3 ' (CD163A, positions 599 to 623). Filters were 
washed at high stringency (0.1X SSC, 0.1% SDS, 68°C). Colorimetric 
detection was performed with NBT and BC1P. The resulting 29 positive 
phages were plaque purified, and the pBK-CMV (Stratagene) phagemid 
vectors containing CD 163 inserts were recovered by in vivo excision, ac- 
cording to the manufacturer's instructions. After restriction endonuclease 
mapping of the cDNA clones, the nucleotide sequences were established by 
sequencing both strands of the DNA insert. Two full-length cDNA clones 
were obtained, representing the coding region of the major variant of 
CD 163 (accession number Z22968 (14)). The clone CD163A-6 (positions 
38 to 3703) was used for transfection and expression experiments. 

cDNA synthesis and RT-PCR 

cDNA was synthesized from 2.5 u% of total RNA with oligo(dT) l2 _i 8 
(Pharmacia) as template primer using M-MuLV reverse-transcriptase Su- 
perscript 11 (Life Technologies), as described by the manufacturer. The 
reaction was conducted in a final volume of 50 ul containing 1 ul of the 
transcribed cDNA probe (5%), 200 uM of each dNTP, IX PCR buffer 
including 1.5 mM MgCl 2 (TaKaRa Biomedicals, Shiga, Japan), 0.4 uM 
forward and reverse primers, and 2.5 U Taq polymerase (TaKaRa) covered 
with two drops of mineral oil (M 3516; Sigma). All CD 163 amplimers 
were amplified simultaneously with 0-actin as internal standard (multiplex 
PCR). Forward and reverse primers for /3-actin amplification were chosen 
from different exons to detect a possible contamination with nuclear DNA, 
resulting in PCR products of 222 bp (cDNA) and 430 bp (nuclear DNA), 
respectively. The respective primer pairs were for human 0-actin (Gen- 
Bank-EMBL accession number M10277): 0-ACTu (S'-TTCCAGCCTTC 
CTTCC-3'; positions 2449 to 2464 (exon 3)) and /3-ACI1 (S'-TTGCGCT 
CAGGAGGAGCAA-3 ' ; positions 2861 to 2879 (exon 5)), for CD163 
variant El (accession number Z22971 (14)) CD163E1 u(5'-CC CAAGCTT 
CTCAAGTAAGACCCAGAAAA-3 ' ; positions 1817 to 1836) and 
CD163E11 (5'-CCCGAATTCCAAGCGAATTTCTGTGTATC-3 '; posi- 
tions 1902 to 1921), for CD163 variant AC2 (accession number Z22970 
(14)) CD163AC2U (S'-CCCAAGCTTAATCACACATGCrTTTCTTC-S' ; 
positions 4478 to 4497) and CD163AC21 (5'-CCCGAAH£TTATA 
AATTCAGCAGCAGTC-3 ' ; positions 4850 to 4869), and for CD 163 vari- 
ant A (accession number Z22968 (14)) and CD 163 variant ACl (accession 



number Z22969 (14)) CD163RTu (5 '-GC ATTATTCTTCTTGACTA-3 ' ; 
positions 3285 to 3303) and CD163RT1 (5'-CCTTGAAAGTCT 
CATATAC-3'; CD163A, positions 3656 to 3674, and CD163AC1, posi- 
tions 3739 to 3757). Restriction sites added to the primers are underlined. 
PCR was assayed at two different cycle numbers by removing one-half of 
the reaction volume at appropriate time points during amplification. This 
allowed the control of saturation effects of the PCR, which made it possible 
to better judge quantitative differences between samples. As control, PCR 
reactions were performed without addition of template and on RNA sam- 
ples that had been incubated in the absence of reverse transcriptase. The 
reactions were conducted in a RoboCycler 40 temperature cycler (Strat- 
agene). The reactions were incubated for 3 min at 94°C, followed by 22 to 
32 cycles of denaturation for 1 min at 94°C, annealing for 1.5 min at 50°C, 
and extension for 1 min at 72 °C. An aliquot of the PCR reaction (5 yX) was 
loaded in parallel with the m.w. marker (pBR322, Alu\ digested; MB1 
Fermentas, St Leon-Rot, Germany) on a 1.5% agarose gel containing 
ethidium bromide, and the gel was photographed under UV light. The 
relative intensity of bands was measured densitometrically, and the results 
were expressed as a ratio of the CD 163: 0-actin band intensities. 

Results 

Isolation and sequencing of the RM3/1 Ag 

The most potent glucocorticoid, fluticasone propionate, was used 
to increase both the Ag density and the number of positive human 
monocytes in vitro (5). Monocytes were extracted with detergent- 
containing buffers of varying concentrations of divalent cations. 
Subsequently, the amount of intact RM3/1 as recognized by the 
mAb was determined in the supernatant. Experiments with addi- 
tion of EDTA as inhibitor of metalloproteinases resulted in re- 
duced reactivity of the RM3/1 Ag in dot blots. Systematic evalu- 
ation of the effect of EDTA, calcium, magnesium, and manganese 
on protein yield showed a clear dose-dependent correlation be- 
tween amounts of divalent cations and improvement of RM3/1 
yield (data not shown). Addition of 1 to 10 mM calcium and man- 
ganese was statistically significantly superior vs control (no addi- 
tives) and vs equimolar concentrations of EDTA (ANOVA and 
subsequent Fisher PLSD test, p ^ 0.05). Thus, for subsequent 
experiments, 1 mM calcium chloride and 1 mM manganese chlo- 
ride were added to the solubilization mixture. 

After preparative SDS-PAGE (5), gel slices containing the 
RM3/1 protein were excised and prepared for sequencing. Follow- 
ing digestion with LysC and HPLC separation, five peptide se- 
quences were obtained (Table I). Sequences revealed homology 
with the CD 163 protein sequence. Based on 1116 amino acid res- 
idues (1076 amino acids in the processed protein) of CD 163, the 
derived sequences were well distributed over the protein and 
showed either complete identity or, in cases in which the amino 
acids could not be determined with certainty, a high degree of 
similarity with the CD 163 protein. 

Western blots with RM3/1 and Ki-M8 Abs 

Western blots with the RM3/1 Ab were not successful to date, and 
it appeared that the Ab detected only the nondenatured protein. 
The protocols for SDS-PAGE and subsequent blotting were opti- 
mized for detection of RM3/1 Ag in Western blots. The SDS- 
PAGE was performed under nondenatu rating and nonreducing 
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MlgG, KI-M8 RM3/1 

+GC -GC *GC -GC +GC -OC 



RM3/1 



Ki-M8 



•158 




FIGURE 1. Western blot of glucocorticoid- treated and nontreated hu- 
man monocytes. Glucocorticoid-induced (GC + ) and noninduced (GC~) 
monocyte extracts were immuno stained with Abs Ki-M8, RM3/1, and 
MlgGl for nonspecific control. 

conditions. Nonstimulated and glucocorticoid-stimulated mono- 
cytes were solubilized in the presence of calcium and manganese 
and used in Western blots (Fig. 1). The Ab Ki-M8 has been de- 
scribed to recognize CD163 (14). Both Abs, RM3/1 and Ki-M8, 
clearly detected the same protein, which has an apparent molecular 
mass of 130 kDa, as described before for the RM3/1 Ag under non- 
reducing conditions (5). Nonstimulated monocytes gave a weak 
signal with both the RM3/1 and the Ki-M8 Ab, whereas stimulated 
monocytes gave an intensive signal after immunostaining. 

FACS analysis of the regulation of CD 163 expression 

FACScan analysis of nonstimulated monocytes (control) and stim- 
ulated monocytes revealed that all stimulants used influenced the 
Ag expression in the same manners. Although the extent of Ag 
density was not identical after immunostaining with RM3/1 and 
Ki-M8, there was a significant increase in the number of positive 
cells after addition of fluticasone propionate, whereas a clear de- 
crease of cells carrying this Ag was observed after TPA and cy- 
closporin A stimulation (Fig. 2). 

Screening of a monocyte cDNA library for CD 163 full-length 
clones and expression of CD 163 in CHO cells 

As the full-length clone of CD 163 had not been isolated before 
(14), we attempted to clone it. The cDNA library was constructed 
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FIGURE 2. Modulation of CD163 expression. Result of a FACScan 
measurement of 10 4 vital human monocytes treated with the glucocorticoid 
fluticasone propionate (16 h, 10~ R M), the phorbol ester TPA (1 h, 10 nM), 
and cyclosporin A (CycA, 16 h, 0.1 /Ag/ml), and immunostaining with Abs 
RM3/1, Ki-M8, and MlgGl for isotype control. Number of positive cells, 
corrected for isotype control, was obtained from the main fluorescence 
channel using Lysis software. Results indicate mean and SD of four inde- 
pendent measurements of a representative experiment. 



in vector Lambda ZAP Express (Stratagene) made from oligo(dT)- 
primed cDNA of fluticasone propionate-stimulated human mono- 
cytes. The library was screened with a 0.5-kb PCR-generated DNA 
fragment (primer pair CD163un/CD1631n) located in the 5' region 
of the CD163 sequence, as indicated in Figure 3. Positive Lambda 
clones were purified, and the pBK-CMV phagemid vectors con- 
taining CD 163 inserts were recovered by in vivo excision. After 
restriction endonuclease mapping of the cDNA clones, the nucle- 
otide sequences were determined. Of 29 isolated cDNA clones, 
two contained the complete nucleotide sequence, representing the 
coding region of the major CD 163 variant (accession number 



AC2 AC1 
(+1247 bp) (+83 bp) 



CD163 
(3703 bp) 

CD163un C0163ln 

r i 

ATG 




SP SRCR1 2 3 4 6 6 ID 7 8 9 tTt 

CD163 

FIGURE 3. Map of CD163 cDNA and its splice variants. Insertions at position 1823 (El, 99 bp) and position 3431 (AC2, 1247 bp; AC1, 83 bp) are 
marked. Start (ATG) and stop codons (*) are indicated for each splice variant. The positions of oligonucleotides used for mRNA expression studies 
(RT-PCR) and probe synthesis for screening the cDNA library are indicated by arrows. The region encoding the structural gene (CD 163 A, a major splice 
variant) is marked on the linear map consisting of a putative signal peptide (SP; 40 amino acids), nine scavenger receptor cysteine-rich domains (SRCR; 
approximately 1 10 amino acids), and a transmembrane segment (24 amino acids), followed by a cytoplasmic domain (49 amino acids). The interdomain 
spacer (ID) consisting of 3 1 amino acids is located between the sixth and seventh SRCR domain. 
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FIGURE 4. Expression of iCD163 in 
transiently transfected CHO cells. Trans- 
fection with CD163A-6 cDNA resulted in 
a positive immuno staining with Ki-M8 
and RM3/1 Abs after 24 h. Cells were not 
permeabilized before immunostaining (A t 
Ki-M8 Ab) to demonstrate Ag expression 
at the cells' surface. B is a phase contrast 
image of the same cells. Scale, 1:8750. 



Z22968 (14)). The clone CD163A-6 (positions 38 to 3703) was 
used for transfection and expression experiments. The intactness of 
the sequences was confirmed by nucleotide sequencing and ex- 
pression experiments in CHO cells. Transient transfection of CHO 
cells with CD163A-6 resulted in positive immunostaining of cells 
with Ki-M8 Ab (Fig. 4/4). A control experiment with nonperme- 
abilized cells confirmed that the Ag was expressed at the cells* 
surface (Fig. 4B). Cells immunostained with RM3/1 Ab were of 
identical appearance as cells stained with Ki-M8. There was no 
signal observed after immunostaining with isotype control mouse 
IgGl and with nontransfected cells (data not shown). 

Glucocorticoids induce CD163 mRNA in monocytes 

Northern blot analysis revealed CD 163 transcripts of about 3.7 kb 
for splice variant CD163-A, and 3.8 kb for splice variant CD163- 
AC1. Both transcripts appear as a single band (Fig. 5). Transcripts ' 
sizes are in agreement with the predicted size of the cDNA (14). 
Stimulation of peripheral blood monocytes with the glucocorticoid 
fluticasone propionate leads to a significant increase of mRNA 
expression encoding CD 163. Hybridization with variant specific 
probes revealed identical time courses for induction of splice vari- 
ants A and AC1 (data not shown). Time-course experiments de- 
tected maximal induction of CD 163 gene transcription after 8 h. 
Then the level markedly decreased toward 24 h. Analysis of ad- 
ditional time points (10, 12, 16, and 36 h) indicated a decrease of 
expression 8 h after induction (data not shown). Weak expression 
was detected at 0 h, with a slight increase during incubation of the 
cells without glucocorticoid stimulation. 

CD 163 splice variant expression 

RT-PCR was used for analysis of the expression of CD 163 splice 
variants at the mRNA level. Several splice variants were described 
and detected in an LPS-stimulated human monocyte library (14). 
The insertion at position 3431 of 1247 bp (AC2) and 83 bp (AO), 
respectively, results in protein variants with alternative cytoplas- 
mic domains as compared with the major form (A). In addition, the 
surface Ag variant El exhibits a 99-bp insertion at position 1823 
(Fig. 3). 

Our aim was to analyze the expression and relative abundance 
of the major form (A) and its splice variants (AC1, AC2, El) in 
glucocorticoid-stimulated and control monocytes. As outlined in 
the experimental procedures, all of our experiments were standard- 
ized by /3-actin coamplification in multiplex PCR (222 bp). Splice 
variant-specific sequences were amplified by RT-PCR using prim- 
ers based on the cDNA sequences deposited in the GenBank/ 
EMBL database (Fig. 3). Using the primer pair CD163RTu/ 
CD163RT1, PCR products with expected size of 390 bp (A, El), 
454 bp (AC1), and 1718 bp (AC2) should be amplified. Because 



PCR conditions were chosen for amplification of DNA fragments 
below 500 bp, no AC2 product was detected with these primers. 
As shown in Figure 6A, two CD163-specific products of predicted 
size were amplified. For AC2 detection, primer pair CD163AC2 
u/CD163AC21 was used, amplifying a 392-bp fragment (Fig. 6B). 
To quantify El transcripts, primers CD163E1 u and CD163E11 
were used, generating a 124-bp PCR product. After 32 cycles, 
the El PCR product was detected in significant amounts, whereas 
22 cycles amplified the El product at comparatively low levels 
(Fig. 6Q. 

As shown in Figure 6, glucocorticoid stimulation of monocytes 
resulted in an up-regulation of mRNA expression of variants A, 
AC1, and AC2. Maximal induction was observed after 8 h, and 
expression declined by 24 h. As already observed for Northern blot 
analysis, later time points (10, 12, and 16 h) revealed a decrease of 
expression after 8 h (data not shown). In contrast to these results, 
no significant increase in the amount of mRNA was observed for 
splice variant El (Fig. 6Q. 

The relative abundance of CD 163 splice variants is shown in 
Figure 7, with maximal mRNA expression after 8 h of glucocor- 
ticoid stimulation (A, 100%; AC1, 75.7%; AC2, 38,5%; El, 6.8%) 
and subsequent decrease (24-h stimulation; A, 86.8%; AC1, 68%; 
AC2, 25.9%; El, 3.7%). 

Discussion 

In the present study, we identified the RM3/1 Ag, previously only 
described immunologically and biochemically, as a member of the 
scavenger receptor cysteine-rich superfamily, recently designated 
as CD163 (13). Most notably, we show for the first time that 
CD 163 is induced significantly by the antiinflammatory glucocor- 
ticoids, whereas it is down-regulated by the immunosuppressant 
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FIGURE 5. Time course of glucocorticoid-induced increase of CD 163 
mRNA levels. Northern blot analysis was performed with total RNA ex- 
tracted from peripheral blood monocytes treated with (+) or without (-) 
fluticasone propionate after 1 to 24 h. Denatured RNAs were fractionated 
through a formaldehyde agarose gel, blotted to nylon membrane, and 
probed with DIG-labeled antisense RNAs. The blot was subsequently 
probed for 0-actin transcript. Hie approximate size of specific transcripts 
was determined against an RNA molecular size ladder. What appears to be 
a single band at 3.7 kb are the splice variants A with 3.7 kb and AC1 with 
3.8 kb. 
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FIGURE 6. mRNA expression of CD 163 splice variants after glucocor- 
ticoid stimulation analyzed by RT-PCR Total RNA for cDNA synthesis 
was isolated from monocytes treated with (+) or without (-) fluticasone 
propionate after 1 to 24 h. Human monocytes expressing gene transcripts 
for CD 163 variants A and AC 1 (A), for AC2 (B), and for El (Q. Coam- 
plificauons with specific primers for 0-actin and CD 163 variants were 
performed for 22 (A and B) and 32 cycles (Q, respectively. As negative 
control (-), no template was added to the PCR reaction. Ethidium bromide 
strain of the amplification products. Results of one representative experi- 
ment are given. Each sample was repeated a minimum of three times, and 
parallel coamplifications of the same cDNA samples were performed to 
detect CD 163 splice variants. 



cyclosporin A. The surface expression is clearly decreased by the 
inflammatory mediator TPA, whereas LPS has almost no influence 
on the expression (5). In addition, we can now assign an involve- 
ment in adhesion processes of monocytes to the activated endo- 
thelium (9) to CD 163, a member of the SRCR superfamily. 

The discovery of a significant increase in recovery of the Ag by 
addition of divalent cations, preferentially calcium and manganese, 
to the solubilization mixture initiated the successful isolation. 
Thus, calcium or manganese is required for structural integrity, 
enhancing protein stability during isolation and/or preserving the 
epitope recognized by an Ab. A protection from proteolysis and 
enhancement of structural stability by divalent cations have been 
shown for some proteins (18, 19). 

Sequencing of peptides derived from the purified RM3/1 Ag 
revealed sequence identity with the previously described Ml 30 (= 
CD1 63) protein (14, 20). This Ag was only detected on cells of the 
monocyte/macrophage lineage. This is in complete agreement with 
results previously obtained for the RM3/1 Ag in normal human 
tissues (1). Interestingly, only few cell lines express CD 163. Ex- 
pression has been described for U937 cells after prolonged stim- 
ulation with phorbol esters and for SU-DHL-1 cells (20). 

Several experiments were performed to confirm that the previ- 
ously defined RM3/1 Ag is identical with the CD1 63 protein. A 
Western blot of solubilized nonstimulated and glucocorticoid- 
stimulated human monocytes resulted in superimposable bands 
originating from staining with RM3/1 and Ki-M8 Abs, respec- 
tively. In addition, immunostaining and subsequent FACScan 
analysis revealed corresponding results for both Abs. Regulation 
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FIGURE 7. mRNA expression ratio of CD 163 splice variants. Relative 
abundance of splice variants A (diamond), AC1 (square), AC2 (triangle), 
and El (cross) was estimated as a ratio of the CD163:j3-actin band inten- 
sities at 22 PCR cycles, as determined by densitometry. Results are pre- 
sented as percentage of the normalized intensity of the RT-PCR band with 
maximal intensity (CD 163 A, +8 h). Results of one representative exper- 
iment are given. 



of protein surface expression by the glucocorticoid fluticasone pro- 
pionate, the phorbol ester TPA, and the immunosuppressant cy- 
closporin A was equivalent for the protein recognized by RM3/1 
and Ki-M8, respectively. 

For further molecular characterization of the CD 163 gene, we 
isolated the cDNA from a fluticasone propionate-stimulated mono- 
cyte library and transfected CHO cells with the predominant clone 
variant CD163A. Law et al. (14) isolated only partial cDNA frag- 
ments of CD 163. Thus, our study is the first description of cloning 
and expression of a full-length CD 163 clone. 

The genomic localization and composition of the exon-intron 
structure of the CD 163 gene are not known yet, but the existence 
of different splice variants for CD 163 has been reported previously 
(14). Alternative splicing is widespread, it is described for several 
human surface receptors, and it appears to be a common property 
among proteins with scavenger receptor domains, e.g., for the 
scavenger receptor class B type 1 (SR-B1), a sponge scavenger 
receptor, and CD6 (21-23). Alternative splicing of the same tran- 
script resulted in different cytoplasmatic domains (21, 23) that 
could potentially modify signal transduction. Evaluation of mo- 
lecular recognition motifs for protein kinases (24) in the cytoplas- 
matic domain of CD 163 revealed that, for example, the variants A 
and El of CD 163 have one potential substrate site for protein 
kinase C, and the variants AC1 and AC2 each have two protein 
kinase C phosphorylation sites. Further studies are in progress to 
determine the functional role of CD 163 isoforms. 

Using RT-PCR, we analyzed kinetics of induction and relative 
abundance of four CD 163 splice variants. After stimulation with 
fluticasone propionate, mRNA expression increased rapidly for 
variant A, AC1, and AC2, peaking after 8 h. Similar expression 
kinetics have been described for other glucocorticoid-induced gene 
transcripts (25, 26). The expression of the variant El, however, 
appears to be constitutive at low levels and is not inducible by 
glucocorticoids. No time-specific differences in the relative abun- 
dance of CD 163 splice variants were apparent. In human mono- 
cytes, variant A represented the major mRNA species with 44% of 
total CD163 mRNA, whereas variants AC1 and AC2 represented 
31 and 20%, respectively. The minor mRNA species, denoted El, 
was detected at low levels (5% of total CD1 63 mRNA). In Nothern 
blots, splice variants A and AC1 were detected. Time course of 
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induction is in complete agreement with data derived from RT- 
PCR experiments. Since the alternative transcripts A, AC1, and 
AC2 were detected at significant levels, it may be presumed that 
the variant proteins derived from these transcripts are also pro- 
duced. However, this could not be proven yet. 

Based on the spacing of the cysteine residues in the CD 163 
molecule, it has been assigned to the group B of the SRCR family 
(12). Within this group, it shares structural homology with the 
WC1 Ag, CDS, CD6, and Spa (12, 27). There is not much infor- 
mation available about the regulation of these structurally closely 
related proteins. The effect of dexamethasone has been investi- 
gated in bovine lymphocyte populations that express the WC1 Ag 
(28). The WC1 Ag density on PBMC increased during glucocor- 
ticoid injections, while there was a loss in circulating WC1 -posi- 
tive lymphocytes (28). In humans, a similar increase of RM3/1 
(CD163)-positive monocytes has been reported 6 h after injection 
of dexamethasone (4); there is, however, no information about the 
further time course. 

As for the less closely related scavenger receptors, e.g., the SR- 
Bl, glucocorticoids were reported to decrease the expression of 
these proteins (29, 30), whereas inflammatory mediators such as 
phorbol esters increased receptor expression in smooth muscle 
cells (31). In contrast, it has been documented that the expression 
of CD 163 decreases upon stimulation with phorbol esters (5), and 
also with cyclosporin A (9). 

The function of members of the type B SRCR family is not 
defined conclusively and fully understood yet. WC1 is involved in 
y8 T cell regulation (32-34). CDS and CD6 modulate T cell ac- 
tivation; Spa is thought to regulate monocyte functions (27). These 
proteins obviously exert their functions after binding to a specific 
ligand: CDS binds to CD72 (35, 36), CD 6 to ALCAM (37, 38), a 
new member of the family, and gp340 binds calcium dependency 
to lung surfactant protein D (39). No ligand has been defined yet 
for CD 163 and the related WC1 and Spa. 

However, CD 163 seems to be involved in adhesion to activated 
endothelium cells (8, 9). Together with CD14, it has been shown 
to promote adhesion via a selectin- and integrin-independent path- 
way, which could be blocked by addition of Abs. Therefore, 
CD1 6? -positive monocytes have been discussed to promote mono- 
cyte infiltration into inflammatory tissues by a nonclassical adhe- 
sion mechanism (9). In contrast, glucocorticoids have been re- 
ported to inhibit cellular adhesion by down-regulation of several 
adhesion molecules and to inhibit leukocyte binding to endothe- 
lium (40). 

It has been proposed early that the RM3/1 (CD 163) protein 
might have some function in the down-regulatory phase of the 
inflammatory process (1). RM3/1 -positive monocytes were later 
found to produce a novel antiinflammatory factor (11, 41). Re- 
cently, it has been reported that RM3/1 (= CD1 63)-positive mono- 
cytes actively inhibit proliferation of CD4 + T cells and PBL (42). 
In conclusion, CD 163 appears to play an important regulatory role 
in immunologic processes. 
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CD 163 is a glycoprotein belonging to the scavenger 
receptor cysteine-rich superfamily (SRCR) expressed 
on cells of the monocyte/macrophage lineage. The 
protein is induced by the anti-inflammatory mediator, 
dexamethasone, and is proposed to be associated with 
the downregulatory phase of inflammatory reactions. 
However, the biological properties of the protein are 
poorly characterized. In the present report, the mouse 
CD 163 cDNA (mCD163) was cloned from dexameth- 
asone-treated peritoneal macrophages using a reverse 
transcription-PCR-based screening method. The pre- 
dicted polypeptide sequence of the type I transmem- 
brane glycoprotein consists of a 38-amino acid signal 
peptide, nine SRCR domains, one transmembrane 
domain, and a short cytoplasmic tail. Sequence vari- 
ance analysis of all mouse and human CD163-SRCR 
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domains defined a spatial cluster of evolutionarily 
conserved residues, which could be mapped to a dis- 
tinct surface area putatively involved in inter- or intra- 
molecular interactions. Determination of mCD163 
mRNA expression by quantitative real-time PGR and 
RNAse protection assay revealed a more than tenfold 
induction by dexamethasone and three- to fivefold 
induction by interleukin-10. In situ hybridization of 
mouse tissues revealed constitutive expression of 
mCD163 mRNA in cells of the monocyte/macrophage 
series, with the highest expression level observed in 
Kupffer cells of the liver. 

Since the cloning of the mouse type I scavenger 
receptor in 1990 (Freeman et al. 1990), several cDNAs 
have been cloned encoding proteins that are homolo- 
gous to the scavenger receptor cysteine-rich (SRCR) 
domain found at the C-terminus of this receptor. 
Members of the SRCR superfamily are cell surface or 
secreted proteins containing one or more domains 
highly homologous to the SRCR domain. The SRCR 
superfamily can be divided in two groups, A and B, 
based on the number and pattern of cysteine residues 
in each SRCR domain. Group A proteins include the 
macrophage scavenger receptor A (Freeman et al. 
1990), Mac-2-binding protein (M2BP) (Koths et al. 
1993), complement factor I (Goidberger et al. 1987), 
enterokinase (Ki tamo to et al. 1995), lysil oxidase-re- 
lated protein (Saito et al. 1997), the sea urchin speract 
receptor (Dangott et al. 1989), and MARCO (Elomaa 
et al. 1995). Group B includes CD5 (Jones et al. 
1986), CD6 (Aruffo et al. 1991), WC1 (Wijngaard et 
al. 1992), Spa (Gebe et al. 1997), Pema-SPERG 
(Mayer and Tichy 1995), Ebnerin (Li and Snyder 
1995), CRP-ductin (Cheng et al. 1996), Hensin (Takito 
et al. 1996), DMBT1 (deleted in malignant brain 
tumors) (Mollenhauer et al. 1997), gp-340 (Holmskov 
et al. 1999), and CD163 (Hogger et al. 1998; Law et 
al. 1993). 

The functional properties of many members of the 
group B SRCRs are relatively poorly characterized. 
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Several of these proteins are expressed by leukocytes 
and have been implicated in the development and reg- 
ulation of the immune system, either by modulating 
effector cell activity or effector cell abundance by the 
inhibition of apoptosis (Miyazaki et al. 1999). Others 
have been proposed as candidate tumor suppressor 
genes implicated in the pathogenesis of brain tumors 
and various tumors of the lung and gastrointestinal 
tract. (Holmskov et al. 1999; Mollenhauer et al. 1997; 
Mori et al. 1999; Wu et al. 1999).. 

Human CD163 is a type I cell surface protein 
belonging to the group B SRCR superfarnily and is 
expressed on cells of the human monocyte/macro- 
phage lineage (Hogger et al. 1998; Law et al. 1993). 
Expression of the CD163 antigen is regulated by anti- 
inflammatory mediators in vivo and in vitro (Buechler 
et al. 2000; Zwadlo-Klarwasser et al. 1990). Glucocor- 
ticoids and the anti-inflammatory cytokine interleukin 
(IL)-10 induce high levels of human CD163 (hCD163) 
expression on monocytes and macrophages, while the 
expression is completely abrogated by IL-4, IL-13 and 
the nuclear receptor PPARy (peroxisome proliferator- 
activated receptor y) agonist 12-deoxy-prostaglandin 
J2 (Schaer et al., unpublished data). Immunohistologi- 
cal studies have shown an accumulation of 
hCD163-positive macrophages during the healing 
phase of acute inflammatory reactions and in chronic 
inflammatory diseases such as psoriasis (Djemadji- 
Oudjiel et al. 1996; Zwadlo et al. 1987), suggesting a 
role for this glycoprotein in the downregulation of the 
inflammatory process. However, the underlying mech- 
anism resulting in the observed downregulation of the 



Fig. 1 Structure of the mouse CD163 cDNA. The 5'- and 
3'-RACE-derived cDNA clones used to establish the sequence 
are shown together with the amplified full-length coding region 
and a schematic representation of the domain structure of 
mCD163. The positions of the RACE cDNA clones are indi- 
cated as solid dashes. The respective PCR products (two inde- 
pendent reactions) are shown. The initial cDNA clone (mFAT 
1.2) isolated by random PCR screening and the amplified full- 
length coding sequence are indicated as solid lines (SP signal 
peptide, 1-9 scavenger receptor cysteine-rich domains, ID scav- 
enger interspersed domain, TM transmembrane domain, CI 
cytoplasmic tail, 3'/5'~UTR untranslated regions) 



inflammatory process has been poorly characterized 
due to the lack of a suitable animal model. Glucocor- 
ticoids are the most widely used immunosuppressive 
and anti-inflammatory agents in clinical medicine, yet 
many of their pharmacological activities involved in 
the modulation of the immune system are still poorly 
understood. In this report, we present the cloning and 
molecular characterization of the mouse CD163 
homologue, and propose this system as a valuable 
model for the improved characterization of the CD163 
glycoprotein in vivo. 

We chose an RT-PCR-based cloning strategy using 
a set of gene-specific primers randomly distributed 
over the hCD163 sequence. Total cellular RNA was 
isolated from cultured mouse peritoneal macrophages 
with the QIAgen RNA Mini Kit (Qiagen) and reverse 
transcribed into cDNA with oligo(d)T-primers and 
M-MuLV Reverse Transcriptase (Stratagene first- 
strand synthesis kit). Amplification of cDNA from 
dexamethasone-treated macrophages with 1 out of 15 
primer pairs by a standard PCR procedure (forward- 
primer: 5'-CTCACTGGGACATAGAAGATGC; 
reverse-primer: 5'-GCCTCTGTAATCTGCTCAGG) 
yielded a 220-bp fragment with high homology to 
exon 8 of the hCD163 gene (mFAT 1.2). The 
sequence of this fragment served as a template for 
primer extension PCR toward both ends of the cDNA 
(SMART RACE kit; Clontech). Two fragments of 2 
and 2.5 kb were amplified in the 5 '-rapid amplification 
of cDNA ends (RACE) and 3'-RACE PCR reactions, 
respectively (5'-RACE primer: 5'-TCCAGTGCAGT 
GGAACATGTGACTCCAGAC; 3'-RACE primer: 
5'-TGGGGTTGCCCAATCTATTCCAGAAGGAGC; 
anchor primers: provided with the kit) (Fig. 1). 
Sequence specificity was demonstrated for both frag- 
ments by nested PCR using internal primer pairs (5' 
nested primer: 5 ' -CTGACC AGCTCCTTTCCCA A A A 
TGTGCTCC; 3' nested primer: 5 '- AGGTCTGGA 
GTC ACATGTTCCACTGC ACTG) . All fragments 
were cloned into a suitable PCR cloning vector 
(pCR2.1 Topo-TA; Invitrogen). Two independent 
clones from two different PCRs were isolated and 
sequenced from both termini by primer walking to 
determine the definite nucleotide sequence of 
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mCD163 (Microsynth, Balgach, Switzerland). The 
resulting full-length coding cDNA was subsequently 
cloned by long-distance PCR using primers near both 
ends of the sequence of interest (forward primer: 
5 ATGGGTGGACACAG A ATGGT; reverse primer: 
5 ' -TTCC ATTT AGCTGGCTGTCC) . To determine 
the 5' extent of the cDNA, six clones from three inde- 
pendent 5 '-RACE reactions were isolated and 
sequenced from the 5' end. After sequence alignment 
the longest 5' extent was used to designate the start of 
transcription (+1). 

The sequence of the mCD163 cDNA is 4379 nucle- 
otides long (Fig. 2). It contains a single long open 
reading frame encoding a 1121-amino acid sequence 
and a 934 nucleo tide-long 3' untranslated region con- 
taining four putative polyadenylation signal sequences, 
12, 184, 192, and 391 bp upstream of the, poly (A) tail. 
The predicted start of translation at the first ATG 
codon of the open reading frame is in position +76. In 
contrast to the human CD163 where translation pref- 
erentially starts at the second ATG (Law et al. 1993) 
due to a very weak context of the first ATG and con- 
sequent leaky scanning of the ribosomal unit, the first 
ATG in the mouse sequence fulfills the basic require- 
ments for efficient ribosomal binding and subsequent 
initiation of translation (Kozak 1996). 

Computer-assisted analysis of the deduced amino 
acid sequence revealed a putative N-terminal signal 
peptide of 38 amino acids (SignalP- Website 
http://www.cbs.dtu. dk/services/SignalP-2.0/), one trans- 
membrane-spanning region of 23 amino acids at posi- 
tion 1046-1068, followed by a KRRR basic stretch- 
starting 53 amino acid-long intracellular domain. The 
extracellular domain contains 16 putative N-linked 
glycosylation sites, 9 of which are conserved in the 
human sequence. The extracellular domain organiza- 
tion features nine SRCR domains, which are contigu- 
ous, except for a 31 amino acid-long scavenger inter- 
spersed domain (SID) containing one disulfide bond 
separating SRCR domains 6 and 7. 

While different fold prediction models failed to rec- 
ognize the CD163 SRCR domains, probably because 
they have not yet included the only suitable template 
structure currently available in the Protein Structure 
Database (PDB) in their template list, a FastA search 
of the Brookhaven PDB (at http://www.rcsb.org/) with 
any of the nine SRCR repeats in the mCD163 extra- 
cellular sequence revealed the X-ray structure of the 
M2BP SRCR domain (PDB entry 1BY2, 2 A res- 
olution; Hohenester et al. 1999) as a potential tem- 
plate for homology modeling. With sequence similari- 
ties between 37% (mCD163 SRCR8 to PDB1BY2) 
and 62% (mCD163 SRCR7 to PDB1BY2), reasonable 
models could be generated for all nine domains. The 
three-dimensional protein structures of the mCD163 
SRCR domains were predicted by homology modeling 
using the Homology, Biopolymer and Discover mod- 
ules of the program Insightll version 98 (Biosym/MSI, 
San Diego, Calif.). While the M2BP SRCR domain 
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Fig. 2 Complete cDNA sequence, deduced amino acid 
sequence, and domain structure of mouse CD163. The Kozak 
consensus ribosomal-binding sequence is highlighted in bold and 
indicated as translation initiation site (ATG). The stop codon 
and four putative polyadenylation signals (AATAAA) are 
underlined. The predicted signal peptide, scavenger receptor cys- 
teine-rich domains 1-9, and the transmembrane domain are 
marked. Asterisks indicate the 16 potential N-linked glycosyla- 
tion sites 



contains only three of the four disulfide bridges com- 
monly found in group B SRCR domains, the coordi- 
nates of the residues corresponding to the remaining 
pair of cysteines were compatible with the remaining 
disulfide without major structural adjustments 
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Fig. 3 A Cartoon representation of the M2BP SRCR domain 
structure (red cc helix, yellow f$ sheets, blue turns, green random 
coil, blue sphere N-terminal end of the domain, red sphere C-ter- 
minal end). The residue numbers of the cysteine positions cor- 
respond to the generic numbering shown in Fig, 5A. The termini 
of the M2BP SRCR domain X-ray structure (PDB entry 1BY2, 
2 A resolution; Hohenester et al. 1999) have been truncated 
back to the domain boundaries suggested by the sequence align- 
ment shown in Fig. 5. SS-bridge 1 is missing in the M2BP SRCR 
domain, as it is in other group A SRCR domains, although it is 
conserved in most group B SRCR domains. However, the posi- 
tion and orientation of the corresponding residues in the M2BP 
SRCR domain are compatible with a disulfide bond easily 
accommodated without any major structural changes. B Surface 
variability of the CD 163 SRCR domains. The variability of indi- 
vidual amino acids (Fig. 5) is mapped onto a space-filling model 
of a representative mCD163 SRCR domain [dark blue identical 



in all nine domains of human and mouse CD 163, blue strongly 
conserved, green somewhat conserved, yellow variable, orange 
very variable, red length variability (insertions/deletions)]. CJ) 
Superposition of the nine mouse CD 163 SRCR domain models. 
Two opposite views of all nine superimposed mCD163 SRCR 
domains are shown [orange aromatic residues (W, Y, F), yellow 
other hydrophobic residues (V, L, I, P, A, M, C), green 
uncharged hydrophilic residues (G, S, T, N, Q), red acidic resi- 
dues (D, E), blue basic residues (H, K, R), white N- and C- ter- 
minal of the domains)]. While most of the domain surface shows 
the variability expected for the degree of sequence divergence 
between the different domains, the surface area indicated by the 
dashed circle (residues R5, L6, R18, E20, W27, and L47) is dis- 
proportionally conserved (C). The domains are closely spaced; 
maximally four residues are conformationally flexible in the 
area between the last Cys and the N-terminal of the next 
domain (indicated by the double arrow in D) 



(Fig. 3 A). Based on these models, all the disulfide 
pairings in the CD163 extracellular domain could be 
assigned. Some minor length variability had to be 
accommodated by loop remodeling, but all steric 
clashes introduced by side chain substitutions could be 
relieved by selecting appropriate side chain rotamers 
of the substituted or neighboring side chains. SRCR 
domain 4 of the mouse, but not the human CD163, 
lacks the first of the four disulfide bridges, since cys- 



teine (Cys)381 has been replaced by a glycine residue, 
leaving Cys410 unpaired. SRCR domain 8 lacks dis- 
ulfide bond 2 in both the mouse and the human pro- 
tein. 

To determine structurally and functionally impor- 
tant residues in the CD163 molecule we identified 
evolutionary conserved residues in the aligned 
sequences of all mouse and human CD163 SRCR 
domains (Fig. 4). This approach is based on two 
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observations: First, multiple homologue domains of a 
single protein derive from a common ancestor by gene 
duplication and subsequently undergo sequence diver- 
gence by random mutations. Second, as active-site res- 
idues are under evolutionary pressure to maintain 
their functional integrity they undergo distinctly fewer 
mutations than less functionally important amino 
acids, implying that evolutionarily related sequences 
can be compared with one another to extract struc- 
tural and functional data (Lichtarge et al. 1996). The 
interdomain variability of each amino acid at a given 
position was calculated using the algorithm described 
by Wu and Kabat (1970) (variability=number of dif- 
ferent amino acids at a given position/frequency of the 
most common amino acid at this position). After map- 
ping of the calculated and color-coded sequence varia- 
bility of each amino acid residue onto a space-filling 
SRCR domain model, a spatial cluster of highly con- 
served amino acids could be identified (Fig. 3B). The 
same conserved surface patch was identified by analy- 
sis of the superposition of the nine CD163 SRCR 
domain models and is indicated by the dashed circle 
in Fig. 3C. Given the progressive sequence divergence 
among homologue domains in the absence of an evo- 
lutionary pressure to maintain functional integrity, the 
observed degree of structural conservation implies an 
involvement of the described surface region in impor- 
tant intra- or intermolecular interactions. One may 
speculate that the identified surface patch is critically 
involved in ligand binding or in the three-dimensional 
arrangement of the nine SRCR domains. The conser- 
vation of core and structurally important residues cor- 
responds to what one would expect for structurally 
homologous domains at the observed level of 
sequence divergence. 

After confirmation of the strong inductive potential 
of dexamethasone on the expression of mCD163 
mRNA by RNAse protection assay (Fig. 5A), we used 
quantitative real-time RT-PCR to further determine 
the regulation of mCD163 mRNA abundance by the 
anti-inflammatory mediators IL-4 and IL-10. Ribonu- 
clease protection assays were performed with the 
Ambion Hybspeed kit according to the manufacturer's 
instructions, using a 300-bp mCZ>i63-specific 32 P-la- 
beled RNA probe (forward primer: 5'-TAATACG 
ACTCACTATAGGGAGGACCTGAGCAGATGAC 
AGAGG; reverse primer: 5 ' - A CCTG AGC AG ATG A 
CAGAGG). For quantitative RT-PCR, equal amounts 
of total RNA from differently treated cells were 
reverse transcribed and amplified with gene-specific 
primers by real-time PCR using the LightCycler Sys- 
tem (Roche) with SYBR Green I fluorescence 
(Roche) as described elsewhere (Staege et al. 2000) 
\mCD163 forward primer: GGGAAGAGTGGAGCT 
CAAGA, reverse primer: ACCAGCTCCTTTCCCA 
AAAT; HCD163 forward primer: 5 ACATAG ATC 
ATGCATCTGTCATTTG, reverse primer: 5'-CATTC 
TCCTTGG A ATCTC ACTTCT A) . These experiments 
confirmed a more than tenfold induction of mCD163 



mRNA upon incubation with dexamethasone for 16 h 
compared to untreated cells. While IL-10 similarly 
induced CD163 mRNA, the expression was only 
slightiy suppressed below baseline levels by IL-4 after 
16 h (Fig. 5B). The suppressive effect of IL-4 com- 
pared to control cells increased after prolonged cul- 
ture of macrophages in the presence of IL-4, as the 
expression of CD 163 mRNA increases over time in 
untreated cells (data not shown). Further experiments 
revealed a parallel regulation of both mouse and 
human CD163 genes (Fig. 5B, C). 

The tissue distribution of mC£)263-expressing cells 
was studied by in situ hybridization using a 1.5-kb 
mCD163-spzcific 35 S-CTP-labeled sense and anitsense 
RNA probe, as described elsewhere (Mueller et al. 
1988). The highest level of constitutive mCD163 
expression was repeatedly observed in Kupffer cells of 
the liver. Furthermore, we identified a subset of red 
pulp macrophages and cells of the extrafollicular area 
of mesenteric lymph nodes that expressed CD163. 
Scattered mCD263-positive cells were located in the 
lamina propria of the colon and in the thymic cortex 
(data not shown). These results confirm the monocyte/ 
macrophage-restricted expression pattern of mCD163. 

Glucocorticoids induce a distinct subpopulation of 
alternatively activated macrophages expressing a spe- 
cific set of molecules enabling them to actively partic- 
ipate in anti-inflammatory processes, immunosuppres- 
sion, tolerance induction, and wound healing (Goerdt 
and Orfanos 1999). Despite the growing knowledge 
about the molecular repertoire of these suppressor 
macrophages involving the expression of various anti- 
inflammatory mediators and the lack of immunostimu- 
latory effector molecules, the immunomodulating 
armature of these cells is still not fully understood. 

The CD163 molecule can be assigned to a subgroup 
of group B SRCR members consisting almost entirely 
of a series of contiguous SRCR domains. Members of 
this subgroup are CDS, CD6, WC1, Spa, and several 
proteins encoded by the DMBT1 gene locus. The 
most closely related proteins are WC1, Spa, and 
DMBT1. WC1 is involved in y^T-cell regulation (Kirk- 
ham et al. 1998; Wijngaard et al. 1992), CD5 and CD6 
modulate T-cell activation after specific binding to 
their ligands CD70 and ALCAM (activated leukocyte 
cell adhesion molecule), respectively (Osorio et al. 
1997; Whitney et al. 1995). Spa, a soluble protein con- 
sisting of three SRCR domains, is expressed by mac- 
rophages and suggested to inhibit thymocyte apoptosis 
upon various proapoptotic stimuli in mice (Gebe et al. 
1997; Miyazaki et al. 1999). The DMBT1 gene locus 
encodes the human DMBT1 and gp-340. While gp-340 
is suggested to be a putative opsonin receptor for lung 
surfactant protein (Holmskov et al. 1999), DMBT1 
has been proposed as a candidate tumor suppressor 
gene implicated in the pathogenesis of brain and var- 
ious lung and gastrointestinal tumors. This conclusion 
is based on the finding of homozygous deletions and 
lack of expression in glioblastoma multiforme and 
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Fig. 5A-C Regulation of mouse and human CD163 mRNA 
abundance by antiinflammatory mediators. A RNAse protec- 
tion assay of dexamethasone-treated and control mouse perito- 
neal macrophages: the 300-bp RNA probe consisting of the 
whole cDNA sequence of SRCR6 was incubated with 5.0 ug 
and 2.5 ug of total cellular RNA. As positive and negative con- 
trols the assay was performed without tester RNA, with and 
without RNAse treatment. B,C Real-time quantitative RT-PCR 
[mouse CD 163 (B) human CD 163 (C)]: relative glyceraldehyde- 
3-phosphate dehydrogenase (GAPDH) and CD163 mRNA 
abundance were determined for each sample by inclusion of a 
serial dilution of cDNA in each PCR run as a standard curve. 
All values of CD163 mRNA abundance are corrected for vari- 
ations in GAPDH concentration. Indicated are the mean and 
SD of triplicate values from one representative experiment. 
Cells were incubated for 16 h with the indicated stimuli (dexa- 
methasone 2.5xl0~ 7 m, IL-4 10 ng/ml, IL-10 10 ng/ml) 



medulloblastoma (Mollenhauer et al. 1997). Similar 
results were obtained in a significant fraction of gas- 
trointestinal and lung tumors (Mori et al. 1999). Cur- 
rently, data indicating putative functions of CD 163 are 
very limited. In addition to the strong induction of 
CD 163 by glucocorticoids and the anti-inflammatory 
mediator IL-10, macrophages expressing high levels of 
CD163 have been identified in chronically inflamed 
tissues and during the wound-healing process (Zwadlo 
et al. 1987), indicating a possible role of this protein 
in the downregulation of the inflammatory process. 



Furthermore, exceptionally high levels of CD163 are 
expressed in human placental and alveolar macro- 
phages. In the healthy organism, these alternatively 
activated macrophages function to protect the respec- 
tive organ from detrimental inflammatory and 
immune reactions (Chang et al. 1993; Mues et al. 
1989). 

Our identification and characterization of the 
mouse CD163 sets the basis for the development of 
transgenic and knockout mouse models. These power- 
ful tools may soon unravel the biological significance 
of CD163 in the observed downregulation of the 
inflammatory response associated with the occurrence 
of high CD163-expressing macrophages. 
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Abstract 

CD 163 is a monocyte/macrophage restricted transmembrane glycoprotein and a member of the scavenger receptor 
cysteine-rich (SRCR) family of proteins. SRCR proteins are typically associated with the immune system. The regulation of 
CD 163 by cytokines and glucocorticoids suggests that it plays a role in inflammatory processes. While CD 163 is expressed 
as a membrane-bound protein, it has been shown to be actively shed from the surface of monocytes in a protease-dependent 
fashion when cells are stimulated with a phorbol ester. To better elucidate the function and biological importance of CD 163, 
we have developed a solid-phase sandwich enzyme linked immunosorbent assay (ELISA) for the detection of soluble CD 163 
in biological fluids. This assay has good repeatability both within and between runs (coefficients of variation (CVs) of 3.2% 
and 7.1% or better, respectively). While detection of CD 163 was inhibited by ethylenediamine tetraacetic acid (EDTA), 
CD 163 immunoreactivity was not altered by the addition of heparin or hemoglobin. This report details the development of 
this novel assay for soluble CD 163 and provides the first evidence of CD 163 immunoreactivity in normal plasma and serum 
samples. ©2001 Elsevier Science B.V. All rights reserved. 

Keywords: CD163; ELISA; Monocytes; Inflammation; Glucocorticoid 
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1. Introduction 

CD163 (also called M130, RM3/1 and pi 55) is a 
member of the SRCR group B family of proteins. 



Abbreviations: Scavenger receptor cysteine-rich (SRCR); En- 
zyme linked immunosorbant assay (ELISA); Coefficient of varia- 
tion (CV); Ethylenediamine tetraacetic acid (EDTA); Phorbol 
12-myristate 13-acetate (PMA); Soluble CD163 (sCD163); Mono- 
clonal antibody (mAb); Fetal bovine serum (FBS); Dexametha- 
sone (DEX) 
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Members of this family contain highly conserved 
scavenger receptor domains and include the type I 
scavenger receptor, CDS, CD6 and WC1 (found on 
bovine 78 T cells). SRCR proteins are typically 
associated with immune function and are expressed 
on a number of different cells of the immune system 
(Resnick et al., 1994). CD 163 expression is re- 
stricted to cells of monocyte lineage and increases as 
monocytes mature into macrophages (Pulford et al., 

1998) . To date, CD 163 protein has been detected 
only in humans and the marmoset Callithrix jacchus, 
although a porcine homolog has been reported 
(Zwadlo-Klarwasser et al., 1992; Sanchez et al., 

1999) . 
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Treatment of cultured monocytes with glucocorti- 
coids, IL-10 or IL-6 dramatically increases CD 163 
expression. In addition, glucocorticoids have also 
been shown to upregulate expression in vivo 
(Morganelli and Guyre, 1988; Zwadlo-Klarwasser et 
al., 1990; Hogger et al., 1998; Zwadlo-Klarwasser 
and Schmutzler, 1998; Buechler et al., 2000; Su- 
lahian et al., 2000). In contrast, treatment with phor- 
bol 12-myristate 13-acetate (PMA), IFN-7 or TNFa 
decreases surface CD 163 expression on monocytes 
(Morganelli and Guyre, 1988; Hogger et al., 1998; 
Buechler et al., 2000). However, combining gluco- 
corticoid treatment with IFN-7 increases CD 163 ex- 
pression over that induced by glucocorticoids alone 
(Morganelli and Guyre, 1988). While the specific 
function of CD 163 remains unclear, the regulation of 
its expression by these pro- and anti-inflammatory 
mediators suggests that it plays an important role in 
the activation and/or resolution of inflammatory 
processes. 

CD 163, like most members of the SRCR family, 
is expressed as a membrane bound protein. However, 
it is unique in that it appears to be the only SRCR 
protein that is actively shed from the cell surface. 
Droste et al. (1999) have recently demonstrated that 
treatment with PMA induces a protease dependent 
shedding, which can be inhibited by protein kinase C 
inhibitors. This finding led us to investigate the 
possibility that soluble CD 163 (sCD163) is present 
in the plasma of normal individuals. To this end, we 
have developed an ELISA that utilizes two CD 163- 
specific monoclonal antibodies (mAbs) (Mac 2-158 
and RM3/1) to measure sCD163 immunoreactivity 
in cell culture supematants, plasma and serum. 



2. Materials and methods 

2.7. In vitro CD163 shedding 

Mononuclear cells were isolated from whole blood 
using Ficoll-Hypaque (d = 1.077 g) density gradient 
centrifugation (Boyum, 1968). The cells were cul- 
tured for 2 days at 5% C0 2 and 37°C in Hepes 
buffered RPMI 1640 (Hazelton Biologicals, Lenexa, 
KS)/20 |xg/ml gentamicin (Elkins-Sinn, Cherry 
Hill, NJ)/10% fetal bovine serum (FBS) (Hyclone 
Laboratories, Logan, UT) supplemented with 1 



ng/ml Escherichia coli lipopolysaccharide (sero- 
type 011LB4, Sigma, St. Louis, MO), 0.5 ng/ml 
IL-lp (Peprotech, Rocky Hill, NJ) and 200 nM 
dexamethasone (DEX) (Steraloids, Wilton, NH). Af- 
ter culture, mononuclear cells were harvested, washed 
and exposed to 10" 8 M PMA (Sigma) for 2 h at 
37°C. The supematants were collected and stored at 
-70°C until use. 

2.2. Preparation of plasma and serum 

For plasma production, whole peripheral blood 
was drawn from normal healthy donors into hep- 
arinized syringes and spun down at 500 Xg for 10 
min. Plasma was drawn off and used immediately or 
frozen at - 70°C until use. For serum production, 
whole peripheral blood was drawn from normal 
healthy donors. Blood was allowed to clot for 2 h at 
room temperature, then spun down at 500 X g for 10 
min. Serum was drawn off and used immediately or 
frozen at — 70°C until use. Informed consent was 
obtained from all donors in accordance with the 
Dartmouth College Institutional Review Board re- 
quirements. 

2.3. sCD163 ELISA 

Nunc-immuno maxisorp 96-well plates (USA Sci- 
entific, Ocala, FL) were coated with 100 fjul of 2 
fxg/ml Mac 2-158 (murine IgGl, prepared as previ- 
ously described (Morganelli and Guyre, 1988)) 
overnight at 4°C. Plates were then washed four times 
with wash buffer (PBS/0.05% Tween 20). Wells 
were blocked with 200 \i\ blocking buffer (PBS/ 10% 
FBS) for 30 min at room temperature. Plates were 
again washed three times. Plasma, serum or cell 
culture supernatant diluted in blocking buffer was 
added to a level of 100 |xl and incubated overnight at 
4°C. For some experiments, EDTA (Gibco, Grand 
Island, NY), hemoglobin (Sigma) or heparin 
(American Pharmaceutical Partners, Los Angeles, 
CA) was added before being loaded into the ELISA 
plate. After incubation, plates were washed four 
times. CD 163 was then detected by adding 100 jxl of 
0.5 jig/ml biotinylated RM3/1 (murine IgGl, 
Bachem, King of Prussia, PA) and incubating for 1 h 
at room temperature. Plates were washed four times 
and 100 \)A of 1/1000 streptavidin alkaline-phos- 
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phatase (Caltag, Burlingame, CA) was added. After 
a 30-min room temperature incubation, plates were 
washed four times and 100 \x\ PNPP developing 
solution was added (1 mg/ml p-nitrophenyl phos- 
phate (Sigma) dissolved in 0.05 M Na 2 C0 3 , 1 mM 
MgCl 2 , pH 9.75). After sufficient color develop- 
ment, 100 |xl of 1 N NaOH was added to stop the 
reaction. Plates were then read on an MRX mi- 
croplate reader (Dynatech Laboratories, Burlington, 
MA) at 405 nm. 

2 A. Statistical analysis 

For PMA treated vs. control culture supernatants 
and plasma vs. serum comparisons (Sections 3.1 and 
3.2), Student's paired Mest was used to test for a 
significant difference between the means. For the 
studies involving EDTA, heparin and hemoglobin 
(Section 3.3) one-way analysis of variance and the 
Dunnett multiple comparison test were performed to 
test for differences between the means. In all cases, 
differences were considered significant if p < 0.05. 
All statistical analyses were performed using Instat 
2.03 for the Macintosh (GraphPad Software, San 
Diego, CA). 



3. Results 

5.7. Measurement of in vitro derived sCD163 

As treatment of monocytes with PMA causes 
rapid shedding of CD 163 (Droste et al., 1999), we 
investigated whether this shed CD 163 could be de- 
tected by ELISA. Fig. 1 shows sCD163 immuno- 
reactivity in titrations of supernatants from PMA 
treated monocyte cultures as detected with the 
sCD163 ELISA described in Materials and methods. 
The ELISA curve remained linear (R 2 > 0.99) up to 
a 50% supernatant concentration and sCD163 
was detectable at supernatant concentrations as 
low as 3.1%. In addition, supernatants from PMA- 
treated cultures had significantly higher sCD163 
immunoreactivity than control cultures (/?<0.05). 
Reproducibility for within and between runs was 
established using a 10% dilution of PMA-treated 
supernatants from three different mononuclear cell 
donors. The CVs ranged from 2.5% to 3.1% (within 



3000 




Concentration of Supernatant (%) 
Fig. 1. sCD163 is present in the supernatant of PMA-treated 
mononuclear cells. Mononuclear cells from three donors were 
cultured as described in Materials and methods, then exposed to 
media with (solid lines) or without PMA (dotted lines). Each 
symbol represents sCD163 immunoreactivity levels (±the stan- 
dard deviation) in a serial dilution of supernatant from a different 
mononuclear cell donor. The background signal has been sub- 
tracted. 



run, n = 8) and from 3.5% to 5.3% (between runs, 
n = 5). 

Different mAb combinations were tested to com- 
pare the efficacy of Mac 2-158 and Mac 2-48 (both 
CD163-specific murine IgGl mAbs) as capture anti- 
bodies (Fig. 2). As expected, capturing with Mac 
2-48 and detecting with biotinylated Mac 2-48 gave 
no signal above background. The same was true for 
Mac 2-158. Furthermore, capturing with Mac 2-48 
and detecting with biotinylated Mac 2-158 (or vise 
versa) also yielded no signal above background. 
sCD163 was detected only when either Mac 2-48 or 
Mac 2-158 was used to capture and biotinylated 
RM3 /I was used to detect. Of these two, Mac 2-158 
captured more than 2.5-fold more sCD163 than Mac 
2-48 at a 10% supernatant dilution and more than 
fourfold more at a 20% dilution (Fig. 3). 

3.2. Measurement of sCD163 in serum and plasma 

To determine if detectable levels of sCD163 are 
present in normal human plasma, samples from four 
different donors were titrated in blocking buffer. As 
seen in Fig. 4, sCD163 immunoreactivity was de- 
tectable at plasma concentrations as low as 2.5%, 
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No supernatant Supemitint (1:10 dilution) 

Fig. 2. Comparison of sCD163 ELISAs using different antibody 
combinations. Supernatants of PMA-treated mononuclear cells 
were diluted 10-fold and tested for sCD163 immunoreactivity by 
ELISA using different combinations of Mac 2-48, Mac 2-158 and 
RM3 /I to capture and detect sCD163. Data from one representa- 
tive of three donors is shown. Bars represent sCD163 immuno- 
reactivity ± the standard deviation of triplicate measurements. 

while the ELISA was saturated at concentrations of 
plasma between 50% and 100%. In all samples, the 
sCD163 ELISA curve remained linear (R 2 £ 0.99) at 
concentrations of plasma up to 17%, while the two 
samples with the lowest levels of sCD163 remained 
linear up to a 50% concentration. The CVs for within 
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Concentration of Supernatant (%) 

Fig. 3. Comparison of sCD163 ELISAs using Mac 2-158 or Mac 
2-48 to capture. Titrations of supernatants of PMA-treated 
mononuclear cells were measured for sCD163 immunoreactivity 
using either Mac 2-48 or Mac 2-158 to capture and biotinylated 
RM3 /l to detect. Data from one representative of three donors is 
shown, Points represent sCD163 immunoreactivity ± the standard 
deviation of triplicate measurements with the background signal 
subtracted. 




0 20 40 60 80 Neat 

Concentration of plasma (%) 

Fig. 4. sCD163 is present in normal human plasma. Plasma taken 
from four donors was titrated in blocking buffer and tested for 
sCD163 immunoreactivity by ELISA. Each line represents the 
sCD163 levels in a serial dilution of plasma from a different 
donor with the background signal subtracted. 



and between runs at a 10% dilution of normal plasma 
were established for three different donors and ranged 
from 1.7% to 2.0% (within run, n = 10) and from 
5.7% to 7.1% (between runs, n = 5). In addition, 
Fig. 5 demonstrates the specificity of the sCD163 
ELISA when performed on normal plasma. Plasma 
samples from four donors were pre-incubated 
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Fig. 5. Soluble Mac 2-158 blocks the detection of sCD163. 
Plasma samples from four donors were pre-incubated overnight 
with or without 25 ixg/ml mAb Mac 2-158 and diluted 10-fold in 
blocking buffer before being tested for sCD163 immunoreactivity 
by ELISA. 
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plasma serum 

Fig. 6. Comparison of sCD163 detected by ELISA in plasma and 
serum. Plasma and serum were prepared from whole blood drawn 
from 10 donors. Samples were diluted 10-fold in blocking buffer 
and sCD163 levels were measured by ELISA. Each line represents 
the plasma and serum sCD163 immunoreactivity levels for a 
different donor. 



overnight with or without 25 ^g/ ml Mac 
2-158 before being diluted with blocking buffer and 
analyzed by ELISA. In all cases, pre-incubation with 
Mac 2-158 reduced sCD163 immunoreactivity to 
background levels. 

Because the measurement of blood proteins by 
ELISA can sometimes be affected either by antico- 
agulants found in plasma or by the clotting process, 
we tested paired blood samples drawn either in the 
presence or absence of heparin. The resulting serum 
and plasma were then analyzed for sCD163. Al- 
though the paired plasma and serum samples had a 
statistically significant difference in sCD163 im- 
munoreactivity ( p < 0.01), this difference was subtle 
(less than 10% of the total value) (Fig. 6). The CVs 
for within and between runs at a 10% dilution of 
normal serum were established for three different 
donors and ranged from 2.1% to 3.2% (within run, 
n = 10) and from 4.2% to 5.8% (between runs, 
n = 5l 

3. 3. Effect of EDTA, hemoglobin and heparin on the 
sCD163 ELISA 

EDTA and heparin are common anticoagulants 
used to prepare clinical samples while hemoglobin is 
a common contaminant in plasma and serum prepa- 
rations due to hemolysis. To address the possibility 
that these substances could interfere with the sCD163 



ELISA, serum samples and supernatants from PMA- 
treated mononuclear cells were tested in the presence 
and absence of EDTA, hemoglobin or heparin. These 
substances were added to final concentrations of 1.25 
mg/ml, 2.5 mg/ml and 5 USP units/ml, respec- 
tively. The samples were then analyzed by ELISA. 
Treatment with either hemoglobin or heparin did not 
significantly alter the sCD163 immunoreactivity of 
either the culture supernatants or serum samples 
(Fig. 7A and B). In contrast, EDTA caused a 13% 
( p < 0.05) and 28% ( p < 0.05) decrease in the mean 
sCD163 immunoreactivity of the culture super- 
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Fig. 7. Effect of EDTA, hemoglobin and heparin on sCD163 
ELISA. Either (A) supernatants from PMA-treated mononuclear 
cell cultures or (B) serum samples were diluted 10-fold with 
blocking buffer before being spiked with EDTA (1.25 mg/ml), 
hemoglobin (2.5 mg/ml) or heparin (5 USP units/mD. sCD163 
immunoreactivity was then measured by ELISA. Each point repre- 
sents sCD163 immunoreactivity ± the standard deviation of tripli- 
cate measurements for a different mononuclear cell or serum 
donor with the background signal subtracted. 
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natants and serum samples, respectively. When 
higher concentrations (up to 5 mg/ml) of EDTA 
were used, a dose-dependent decrease in sCD163 
immunoreactivity was detected in both culture super- 
natants and serum samples (data not shown). 



4. Discussion 

These studies confirm those of Droste et al. (1999), 
which demonstrated that sCD163 is detectable in the 
supernatant of PMA-treated monocytes. Also consis- 
tent is the finding that sCD163 immunoreactivity, as 
measured by ELISA, is higher in supernatants from 
PMA-treated mononuclear cells than from non- 
treated cultures. We have now extended those previ- 
ous studies by providing the first evidence that sig- 
nificant amounts of sCD163 are present in normal 
human plasma and serum. 

Of particular interest is the finding that, while 
both Mac 2-48 and Mac 2-158 are specific for 
CD 163, an ELISA using these mAbs to capture and 
detect sCD163 failed to produce signals above back- 
ground. This suggests that Mac 2-48 and Mac 2-158 
bind to either identical or overlapping epitopes on 
the CD 163 molecule. This is supported by flow 
cytometric studies, which show that Mac 2-48 and 
Mac 2-158 inhibit each other with respect to mono- 
cyte surface staining (data not shown). Since a 
sCD163 ELISA using either purified Mac 2-48 or 
Mac 2-158 and biotinylated RM3/1 is able to detect 
sCD163, it is likely that RM3/1 binds to a CD163 
epitope distinct from that bound by Mac 2-48 and 
Mac 2-158. In addition, the finding that EDTA in- 
hibits this ELISA suggests a role for calcium in the 
binding of one or more of these mAbs to sCD163, or 
that calcium is necessary for maintaining the proper 
tertiary structure of CD 163. Regardless, it is clear 
that care must be taken when choosing an anti- 
coagulant for clinical samples. 

CD 163 has been detected in both membrane- 
bound and secreted forms, and it is presently un- 
known whether its major biological functions are 
carried out as a secreted protein or as a cell surface 
receptor. In addition, it is possible that the shed 
molecule serves as an inhibitor of the membrane- 
bound form, similar to the soluble TNF-ot receptor 
(Seckinger et al., 1990). As the shed form of CD 163 



may be of critical importance to the understanding of 
CD 163, the ELISA described in the studies presented 
here may prove beneficial in elucidating the biology 
of this enigmatic molecule. 
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